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Benzene, 1,] wethylenebis[é-1soeyanato-

vlene diis

Prepolymeric MDI (Biphenylmethane Diisocyanat) with and
Phenyl Isocyanate (Phl) - one hour acute inhalation toxi

Determination cf the concentration of vapor generated from monomeric

4.4'-Diphenylmethane Diisocyanate (MDI) by a dynamic method.

Two-day study into the relation between polymeric MDI concentr:
values obtained by a QCM-Cascade, HPIL.C and Colorimetry.

Liquid Waste after TDI/MDI decontamination.
Literature Study on Reaction of Isocyanates with Biological Materials.
Report on fire hazard of Isocyanate chemicals.
Report on fire hazard of Isocyanate chemicals.

I}

Analytical methods to monitor aerosols of Polymeric 4,4'-Diphenylmethane-
diisocyanate (MDI) at low concentrations.

Aquatic life study phase II, ster 2 Accumulation of TDI, MD1, TDA and MDA
in fish and thelir toxicity.

Generation and monitoring of breathable aerosols of polymeric
4,4"'-diphenylmethane-diisocyanate (MDI).




10050

10065

10077

10092

10129

10187

10188

Benzene, 1,1'-methyl

Methyl

-Methylenebis(ph 1 isocyanate)

~hane

Pre-polymeri
Pre-polymeri
Pre-polymeric
An experiment
substances

Metabolism and toxicogenetics Methylenediani

contam

Acute inhalation toxic y study of polymeric MDI
Biological action of TDI and MDI in water.
Immun gical aspects of lsocyanates.

i

Isocyanates : Irritation and Hyperss

Preliminary study




ATTACHMENT #1

INDEXED LIST OF COMPLETED STUDIES

CAS # 101-68-8 Benzene, 1,1"'-methylenebis|4-1isocyanato-
Methylaznedi-p-phenylene diisocyanate
4,4'-Methylenebis(phenyl isocyanate)

MDI
4,4'-Diisocyanatodiphenylmethane

111 NUMBER TITLE

10206 Aquatic life study Phase 11, Step 2, Accumulatinn of TDI, MDI and their
reaction products in Daphnia.

10223 TDI and MDI immunological studies. Summary report of research supported
by the International Isocyanate Institute.

10234 Aquatic life study Phase [I, Ster 1. Biodegradation of TDI and MDI in the
model river and marine water.

10243 Mortality among workers exposed tc isocyanates. Feasibility Study.

10253 Sub-chronic (13 week) inkalation toxicity study of polymeric MDI aerosol
in rats (part B2)

10258 Ecotoxicity of Toluenediisocyanate (TDI)
Diphenylmethanediisocyanate (MDI) Toluenediamine (TDA)
Diphenylmethanediamine (MDA)
Aquatic Life Studies

Production and control of breathable MDI aerosols for primal experimente.




ATTACHMENT #1
INDEXED LIST OF COMPLETED STUDIES
CAS # 101-68-8 Benzene, 1,1'-methylenebis[4-isocyanato-
Methylenedi-p-phenylene diisocyanate

4,4"'-Methylenebis(phenyl isocyanate)
MDI

4,4'-Diisocyanatodiphenylmethane

II1 NUMBER TITLE

10360 Generatlon of 4,4' Diphenylmethane Diisocyanate (MD1) vapour

10386 Pharmacokinetics of MDI after inhalation exposure cf rats to lahelled MDI.
10391 skin sensitization by isocyanates.

10393 Study of the burning characteristics of isocyanate chemicals.

Di-Isccyanate Induced Asthma - Reactions to TDI, MDI, HDI and Hisamine.

Acute Inhalation Toxicity (LCsg) in the Male Albiro Rat.




ATTACHMENT #1
INDEXED LIST OF COMPLETED STUDIES

CAS #1321-38-6 Benzene, diisocyanatomethyl-(unspecified isomer)

IIT NUMBER TITLE

10010 Liquid waste after TDI/MDI decontamination.

10012 Literature Study on Reaction of Isocyanates with Biological Materials.
10012 Report on fire hazard of Isocyanate chemicals.

10014 Report on fire hazard of Isocyanate chemicals.

10019 Aquztic life study phase I1, step 2 Accumulation of TDI, MDI,
TDA and MDA in fish ard their toxicity.

10024 Tolylene di-isocyanate three week inhalation toxicity in the rat.
10033 Stack Fmission Part B : Emitted TDI Gas Treatment with Activated Carbon.
10034 Stack Emission Part A : Emitted TDI Cas Treatment with Activated Sludge.

1C035 The toxicity and carcinogenicity to rats of Toluene Diisocyanate vapour
adniinistered by inhalation for a period of 113 weeks.

10040 Reaction of TDI with water and with wet sand.

10044 Emission of Tolylene Diisocy.unate (TDI) and Tolylene Diamine (TDA) in
flexible pclyurethane foam production lines.

10045 Emission of Toclylene Diisocyanate (TDI) and amines.

10055 Preparatien and evaluation of a system for cxposing rat:. ., Toluene
Diisocyanate vapour.




ATTACHMENT {1

INDEXE)D LIST OF COMPLETED STUDIES

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)
111 NUMBER TITLE
10057 Evaluation of a system for exposing hamsters to Toluene Diisocyanate vapour.
10064 A study of the diffusion rate of TDI in rats contaminated via the respiratory
system.
15274 Investigations on the microbial degradation of PU foams. Part 11
10075 Respiratory sensitivity study.
10089 Studies of Toluene Diisocyanate induced pulmonary disease.

10092 Biological action of TDI and MDI in water.
10094 Foam plant stack emission data.

10995 Stack Emission Part B : Emitted TDI Gas Trzatment with Activated Carbon
"Regeneration of Spent Activated Carbon'.

10096 Stack Emission Part A : Emitted TDI Gas Treatment with Activated Sludge.
10098 Epidemiological study for effects of TDI.

10100 Histopathological observations on selected tissues of syrian hamsters exposed
by inhalation to vapors of Toluene Diisoryanate (TDI) for 6 hours/day, 5 days/week

for 4 weeks.

10116 Review of the incidence of rhinitis in rats exposed chronically to Toluene
Diisocyanate vapour.



ATTACHMENT #1
INDEXED LIST OF COMPLETED STUDIES

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

. II1 NUMBER TITLE

10117 Review of the national toxicology program carcinogenesis bioassay of
Toluene Diisocyanate.

10121 Toluene Diisocyanate (TDI) proposed exposure standard.
10129 Immunclogical aspects of Isocyanates.

10142 Toluene Diisocyanate acute inhalation toxicity in the rat.

10153 A 30-day repeated inhalation toxicity study of Toluene Diisocyanate (TDI)
in laboratory animals.

The fate of Toluene Diisccyanate.
Epidemiological study for effects of TDI.

Validation of MCM 4000 personal monitor and MCM 4100 integrating reader/recorder
system.

Summary of work carried out on FE-A-14 1II1 - 1 by H. Sakurai and co-workers.

The toxicity and carcinogenicity to rats of Toluene Diisocyanate vapour
administered by inhalation for a period of 113 weeks.

Emission of Tolylene Diisocyanate (TDI) and Tolylene Diamine (TDA) in
flexible polyurethane foam production lines.

Immunological studies on TDI exposed workers. Part 1.

Isocyanates : Irritation and Hypersensitivity.




ATTACHMENT #1 .

INDEXED LIST OF COMPLETED STUDIES .

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

111 NUMBER TITLE
10206 Aguatic life study Phase II, Step 2, Accumulation of TDI, MDI and their

reaction products in Daphnia.

10208 The Toxicity and Carcinogenicity to rats of Toluene Diisocyanate vapour
administered by inhalation for a period of 113 weeks. Addendum Report.
Vol. 2.
10210 The Toxicity and Carcinogenicity to rats of Toluene Diisocyanate vapour S

administered by inhalation for a period of 113 weeks. Vol. |

10223 TDI and MDI immunclogic:1 studies. Summary report of research supported :
by the International Isocyanate Institute.

10233 The Tox'city and Carcinogenicity to rats of Toluene Diisocyanate vapour
administered by inhalation for a period of 113 weeks. Addendum Report.
Vol. 1 T
_1 10234 Aquatic life study Pha-e II, Step 1. Biodegradation of TDI and MDI in the g
72 model river and marine water. -
10237 Isocyanate monomer in PU foam.
L 10243 Mortality among workers exposed to isocyanates. Feasibility Study.
I 10258 Ecotoxicity of Toluenediisocyanate (TD1).

Diphenylmethanediisocyanate (MD1) Toluenediamine (TDA).
Diphenylmethanediamine (MDA)

10259 Sampling and Analysis of TDI atmospheres at Klinikum Grosshadern, Munich. e




ATTACHMENT #1
INDEXED LIST OF COMPLETED STUDIES

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

I1I NUMBER

10299 Aquatic Life Studies.
10307 Studies on the effects of TDI on living animals.
10308 Change of TDI in olive oil.

10321 Improvement in RAST for TDI. Parts A and B.

10240 Audit of the national toxicology program cercinogenesis biocassay of

toluene diisocyanate.
10345 Isocyanate spillage control.
10348 Immunological Studies on TDI exposed workers Part TI.
10349 Isocyanate hypersensitivity.

10382 The toxicity and carcinogenicity of Toluene Diisocyanate vapour when
administered to mice over a period of approximately 2 years. Summary Report.

10383 The toxicity and carcinogenicity of Toluene Diisocyanate vapour when
administered to mice over a period of approximately 2 years.

10391 Skin sensitizaticn by isocyanates.

10393 Study of the burning characteristics of isocvanate chemicals.




10416

10430

10433

10434

10437

10438

%~ 10439

I11 NUMBER

ATTACHMENT #1

INDEXED LIST OF COMPLETED STUCDIES

CAS #13721-38-6 Benrene, diisocyanatomethyl-(unspecified isomer)

Sampling and analysis of TDI atmospheres at Klinikum Grosshadern, Munich.

Protective effect of drugs on late asthmatic reactions and increased airway
responsiveness induced by Toluene Diisocyanate in sensitized subjects.

The reactions of OH radicals with Toluene Dii{socyanate, Toluenediamine, and
Methylene Dianiline under simulated atmospheric conditions.

Metabolism and disposition of laﬂ-lahelvd Toluene Diisocyanate (TDI) follow-
ing oral and inhalation exposure ; Preliminary studies.

Toluene Diisocyanate-Induced Asthma: Bronchial Provocation and Reactivity Studies.

Toluene Diisocyanate-Induced Asthma: Inhalation Challenge Tests and Bronchial
Reactivity Studies.

Di-Isocyanate Induced Asthma- Reactions to TDI, MDI, HDI and Histamine,




ATTACHMENT #1
INDEXED LIST OF COMPLETED STUDIES

€AS # 91-08-07 Benzene, 1,3-diisocyanato-2-methyl

TD1, 2-6-diisocyanate

IIT NUMBER

24207

Disposition of 2,6-Toluene Diisaocyanate in Fischer 344

rets

-
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ATTACHMENT
IN PROGRESS

LY 1" g | { E - - 1 L r I 11 =~} 3 Tz :

CAS # 101-68-8 Benzene, 1,1'-meth: iL:l"lL‘I}ll:'l-'-t-J_S-'BL"_-\':[".d['.'E-
Methylenedi-n-phenylene diisocyanate
4,4"'-Methylenebis (phenyl isocyanate)
M T

odiphenylmethane

ITLE

ancé carcinogenicity of polymeric MDI

FLUCY .

MDI aerosol 2

Our current estimated ¢ yletion date

firstc quarter of 1989.

:'L'-_id:_.‘ before -‘:‘i‘f;‘.

CivOo Institution, Tn« [oxicology and Nutrition,

Box 306, 3700 ' Zei The Netherlands.

MDI sampling and analys

Current work authorized ro

o study consistency/comparability of various methods continuous/
discontinuous for determining the composition of atmospheres in
Study E-A-8 (Part C) above. Data sought - Analytical data on
polymeric MDI aerosol atmospheres.

Our current estimated completion date for this study is the first
quarter 1989. [t may be possible to complete this study before
1989; however, it may regquire mcre time.

CIVO Institution, Tno., Toxicology and Nutrition, Utrechtsewe 848,
P.0O. Box 306, 370C A.J. Zeist, The Netherlands.




I11 NUMBER

E-B-1

1

)

Benzene,

U.K. flexible foam industries.

Current yrk authorized to

begin

To investigate whether working on xible PU foam manufacturing

plants gives rise to Incre
parameters above those due
Data socght - monitoring o
parameters. Monitoring of
tertiary aliphatic amine)
Our current estimated comp
first quarter of 1989.
before 1989; however,
Tynestead Limited, Tynes
Rochdale, Lancs, OL1ll

20 Park Crescent, London,

ased expectation of decrements in lung

to ageing.
f exposed workers' and contr
airborne TDI (and on limiced

ontro
in the workplace.
letion date for this study is
be possible to complete
require more time.
House, 22 Camberley Drive, Ba
UK. and Medical Research Counci
UK.




ATTACHMENT
INDEXED LIST OF STUDIES IN PROGRESS

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

II1 NUMBER

Epidemiological study of workers in Japan flexible foam industries.

Phase V. )

Current work autheorized to begir August 1985.

To clarify relationship between TDI concentration and
chronological change in pulmonary and respiratory symptoms
of workers in PU foam plants. Data sought.

Monitoring of exposed workers' and controls' lung parameters.
Monitoring of airborne TDI in the workplace.

Our current estimated completion date for this study is the
first quarter of 1989. It may be possible to complete this
study before 1989; however, it may require more time.

School of Medicine, Keio University, Shinjuki-Ku, Tokyo, Japan.




ATTACHMENT # 3
INDEXED LIST OF STUDIES IN PROGRESS

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

I11 NUMBER TITLE

Clean Stack Air Project

Current work authorized tou begin March 1980.

To study ways in which TDI Emissions from flexible foam
plants can be removed from exhaust gases by carbon

absorption.

Data sought - Concenirations of TDI at inlets and ocutlets

of carbon absorption units.

Our current estimated completion date for this study is the
first quarter of 1989. It may be possible to complete this
study before 1989; however, it may require more time.

Dunlop (New BTR, Silvertown House, Vincent Square, London, UK.

An investigation into the mortality and cancer morbidity of
production workers in the UK flexible polyuretnane foam industry.

Current work authorized to begin July 1987.

To compare the mortality and cancer morbidity experience of
production workers in UK flexible foam manufacturing plants with
those of unexposed controls and of the population at large, and to
determine, if appropriate, possible reasoms for differing experiences.
Data sought.

Comparative Data on death and illness due to rancer, analysed statis-
tically. Data sought.

The expected date of termination of project is indeterminate since

it depends on results found at different intervals. The first
analysis will take place 1989.

Cancer Epidemiology Unit, University of Birmingham, Edgbaston,
Birmingham UK.




111 NUMBSR

ATTACHMENT #3
INDEXED LIST OF STUDLES IN PROGRESS

CAS #1321-38-6 Benzene, diisocydnatometryl- (uaspecified isomer)

Fate of airborn TDI (Part II)

Current work authorized to begin May 1984.

To determine the fate of airborne TDI and the effects of moisture,
light, and atmospheric pollutants on TDI loss from the gas phase.

OQur current estimated completion date for this study is the first
quarter of 1989. It may be possible to complete this study before
1989; however, it may require more time.

Battelle Columbus Laboratories, 505 King Avenue, Columbus, Ohio 43201

Detecting delayed isocyanate sensitivity.

Current work authorized to begin May 1, 1987.

This research is being conducted to better detect delayed isocyanate
sensitivity in persons exposed and/or sencitized to isocyanates. In
1986, M. Karol's work was directed towards identification of
isocyanate-specific lymphocytes by class.

Qur current estimated completion date for this study is the first
quarter of 1989. It may be possible to cc | rhis study before
1989; however, it may require more time.

Dr. M. Karol, University of Pittsburgh, I ‘c=0t0 Sireetl,
Pittsburgh, Pennsylvania 15261




ATTACHMENT #3

INDEXED LIST OF STUDIES IN PROGRESS

CAS #1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

TITLE

Improvement of RAST tests for TDI

Current work authorized to begin May 1, 1987.

This research is being conducted to improve RAST (Radiolabeled
Antibody Sorbent Technique) test for identifying exposure and
sensitization to TDI. Additional mechanistic work on TDI
sensitization is being conducted by Dr Brown. This includes
studying proteins in TDI exposed animals.

Our current estimatad completion date for this study is the

first quarter of 1989. It may be possible to complete this study
before 1989; however, it may require more time.
Dr W. E. Brown, Carnegie-Mellcn University, Pittsburgh, Pa. 15261.

TDI Reprotoxicity

The teratovlony study was initiated ian the 4ih quarter ol 19E86.

The reproduction study was initiated in the 2nd cuarter of 1987.
This project evaluates both the "Developmental Toxicity of Inhaled
TDI in CD (Sprague-Dawley) Rats" and "Two-Generation Reproduction
Toxicity of TDI in CD (Sprague-Dawley) Rats."

Our current estimated completion date for this study is the first
quarter of 1989. It may be possible to comblete this study before
1989; however, it may rzquire more time.

Dr T. W. Tyl, Bushy Run Research Center, RD #4, Mellon Road, Export,
Pennsylvania 15632.
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nooe91ik98z 22 July 1987

k- $10000

Document Processing Center (TS-790)
Office of Toxic Substances
Environmental Protection Agency

401 M Street, S.W.

Washington, D. C. 20460

Attention: B8(d) HEALTH and SAFETY REPORTING RULE (REPORTING)
May 1, 1987

Dear Sir or Madam:

As described at 40 C.F.R. 716.20(a) (10), the International Isocyanate
Institute (III) submits the enclosed studies on behalf of its members to
satisfy member reportiug requirements under Section 8(d) of the Toxic
Substances Control Act. These studies are on chemicals added to the 8(d)
list on May 1, 1987. The studies are indexed by CAS numbers with chemical
name, III identification number and title provided.

Attachment #1 is an indexed list of completed studies.
Attachment #2 is a compilation of the reports from the comple.ed studies.
Attachment #3 is an indexed list of studies thst are currently iu progress.

Please refer to the IIl identification number in any communication regard-
ing the report.

1f the Agency needs further information, please do not hesitate to contact
me.

Uery trulv yours,

R K. 1gger
Hanqgingﬁnita
RKR/c
enclosures

-‘___-_—___—'_—"—-—--_




ATTACHMENT #2

COMPILATION OF REPORTS FROM III FILES
(AS INDEXED IN ATTACHMENT #1)

These reports are in envelopes labeled Attachment #2 and are packaged, along with an envelope,

addressed to:

Document Processing Center (TS-790)
Office of Toxic Substances
Environmental Protection Agency

401 M Street, S.W.

Washington, D. C. 20460

Atteation: 8(d) HEALTH and SAFETY REPOKTING RULE
(REPORTING) May 1, 1987

International Isocyanate Institute, Inc.
119 Cherry Hill Road
Parsippany, New Jersey 07054

containing a transmittal letter for these documents.




ATTACHMENT #3

INDEXED LISy OF STUDIES IN PROGRESS

CAS # 101-68-8 Benzene, 1,1'-methylenebis|4-.lsocyanato-
Methylenedi-p-phenylene diisocyanate
4,4'-Methyl=nebis (phenyl isocyanate)
MDI
4,4'-Diisocyanatodiphenylmetizne

II1 NUMBER TITLE

E-A-8 Study of chronic toxicity and carcinogenicity of polymeric MDI
aerosol in rats. Part C Study.

Current work authorized to begin June 1385.

To study chronic toxicity and carcinogenicity of polymeric

MDI aerosol in rats. Data sought - Effect on animal tissues.

Our current estimated completion date for this study is the

first quarter of 1989. 1t may be possible to complete this

study before 1989; however, it may require more time.

CIVO Institution, Tno., Toxicology and Nutrition, Utrechtsewe B48B,
P.0. Box 306, 3700 A.J. Zeist, The Netherlands.

MDI sampling and analysis at CIVO

Current work authorized zc begin November 1984.

To study consistency/comparzbility of various methods continuous/
discontinuous for determining the composition of atmospheres in
Study E-A-8 (Part C) above. Data sought - Aualytical data on
polymeric MDI aerosol atmospheres.

Our current estimated completion date for this study is the first
quarter 1989. It may be possible to complete this study before
1989; hovever, it may require more time.

CIVO Instiiution, Tno., Toxicology and Nutrition, Utrechtsewe 848,
P.0. Box 306, 370C A.J. Zeist, The Netherlands.




ATTACHMENT #3

INDEXED LIST OF STUDIES IN PROGRESS

CAS # 1321-38-¢ Benzene, diisocyanatomethyl- (unspecified isomer)

. IIT NUMBER

E-B-11 Epidemiological study of workers in U.K. flexible foam industries.

Current work authorized to begin Mid 1978.

To investigate whether working on flexible PU foam manufacturing
plants gives rise tc increased expectation of decrements in lung
parameters above those due to ageing.

Data so.ght - monitoring of exposed workers' and controls' lung
parameters. Monitoring of airborne TDI (and »n limited scale of
tertiary aliphatic amine) in the workplace.

Our current estimated completion date for this study is the
first quarter of 1989. 1t may be possible to complete this study
before 1989; however, it may require more time.

Tynestead Limited, Tynestead House, 22 Camberley Drive, Bamford,
Rochdale, Lancs, OL1ll 4 AZ, UK. and Medical Research Council,

20 Park Crescent, London, UK.




ATTACHMENT #3
INDEXED LIST OF STUDIES IN PROGRESS

CAS # 1321-358-6 Benzene, diisocyanatomethyl- (unspecified isomer)

III NUMBER

FE-AB-14 Epidemiological study of workers in Japan flexible foam industries.
Phase V.

Current work authorized to begin August 1985.

To clarify relationship between TDI ccacentration and
chronological change in pulmonary and respiratory symptoms
of workers in PU foam plants. Data sought.

Monitoring of exposed workers' and controls' lung parameters.
Monitoring of airborne TDI in the workplace.

Qur current estimated completion date for this study is the
first quarter of 1989. It may be possible to complete this
study before 1989; however, it may require more time.

School of Medicine, Keio University, Shinjuki-Ku, Tokyo, Japan.




ATTACHMENT # 3
INDEXED LIST OF STUDIES IN PROGRESS

CAS # 1321-38-6 Benzene, diisocyanatomethyl- (unspecified isomer)

IIT NUMBER TITLE

E-E-22 Clean Stack Air Project

Current work authorized to begin March 1980.

To study ways in which TDI Emissions from flexible foam
plants can be removed from exhaust gases oy carbon

absorption.

Data sought - Concentrations of TDi at imlets and outlets

of carbeon absorption units.

Our current estimated completion date for this study is the
first quarter of 1989. It may be possible to complete this
study before 1989; however, it may require more time.

Dunleop (Now BTR, Silvertown House, Vincent Square, London, UK.

An investigation into the mortality and carcer morbidity of
proiuction workers in the UK flexible polyurethane foam industry.

Current work authorized to begin July 1987.

To compare the mortality and cancer morbidity experience of
production workers in UK flexible foam manufacturing plants with
those of unexposed controls and of the population at large, and to
determine, if appropriate, possible reasons for differing experienc=ss.
Data sought.

Comparative Data on death and illness due Lo cancer, analysed statis-
tically. Data sought.

The expected date of termination of project is indeterminate since

it depends on results found at different intervals. The first
analysis will take place 1989,

Cancer Epidemiology Unit, University of Birmingham, Edgbaston,
Birmingham UK.




II1 NUMBER

NA-E-24

ATTACHMENT #3

INDEXED LIST OF STUDIES IN PROGRESS

CAS #1321-38-6 Benzene, diisocyanatcmethyl- (unspecified isomer)

Fate of airborn TDI (Part II)

Current work authorized to begin May 1984.

To detormine the fate of airborne TDI and the effects of moisture,
light, and atmospheric pollutants on TDI lcss frcm the gas phase.

Our current estimated completion dzte for this study 1is the first
quarter of 1989. It may be possible to completz this study before
1989; however, it may rzquire more time.

Batielle Columbus Laboratories, 505 King Avenue, Columbus, Ohio 43201

Detecting delayed isocyanate sensitivity.

Current work authorized to begin May 1, 1987.

This research is being conducted to better detect delayed isocyanate
sensitivity in perscns exposed and/or sensitized to isocyanates. In
1986, M. Karol's work was directed towards identification of
isocyanate-specific lymphocytes by clasc.

Our current estimated completion date for this study is the first
quarter of 1989. It may be possible to complete this study before
1989; however, it may require more time.

Dr. M. Karol. University of Pittsburgh, 130 Desoto Street,
Pittsburgh, Pennsylvania 15261




CAS

ATTACHMENT

INDEXED LIST OF STUDTES IN

#1321-38-6 Benzene, diisocyanatomethy]

Improvement of RAST tests for TDI _

Current work authorized to begin May 1, 1987.

This research is being conducted to improve RAST (Radiolabeled
Antibody Sorbent Technique) test for identifying exposure and
sensitizatiou tc TDI. Additional mechanistic work on TDI
sensitization is being conducted by Dr Brown. This includes
studying proteins in TDI exposed animals.

Our current estimated completion date for this study is the

first quarter of 1989. It may be possible to complete this study
before 1989; however, it nmay require more time.
Dr W. E. Brown, Carnegie-Mzllon University, Pittsburgh, Pa. 15261.

TDI Reprotouicity

The tervatovlony study was initiated in che 4Ll quarter ol s

The reproduction study was initiated in the 2nd quarter of 1987.
This project evaluates both the "Developmental Toxicity of Inhaled
TDI in CD (Sprague-Dawley) Rats" and "Two-Ceneration Reproduction
Toxicity of TDI in CD (Sprague-Dawley) Rats."

Our current estimated completion date for this study is the first
quarter of 1989. It may be possibie to complete this study befoure
1989; however, it may require move time.

Dr T. W. Tyl, Bushy Run Research Center, RD #4, Mellon Road, Export,
Pennsylvania 15632.
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Abstract

Tolylene diisocyanate and triethylene diamine would possibly
be the pollutants for the environment if they are emitted.

This report describes the possibility of treating the waste

water containing triethylene diamine and the products after

the hydrolysis of tolylene diisocyanate (TDI).

In Chapter 1, the general introduction to the water pol-

lution was presented being associated with tolylene

diisocianate and triethylene diamine,

At the same time, theoretical aspect and the chemistry of
tolylene diisocyanate were given.

Chapter 2 described the acclimation of activated sludge which
was used in the present experiments , The reader can obtain

the precise informations from this chapter as regards the
activated sludge if necessary.

In Chapter 3, the susceptibility of biological and chemical
oxidations to the various materials was examined.

Corn steep liquor (synthetic substrate for the activated sludge)
and glucose were easily oxidized both chemically and biologically,
Aniline, hyvdrolyzed tolylene diisocyanate, and triethylene
diamine were oxidized chemically but were slightly done
bivologically for a short period . The hyvdrolyszis reaction of
tolylene diisocyanate was proved to proceed almost completely,
The COD of hydrolyzed tolylene diisocvate after the separation

of solirl suspension was very lo:.




The effect of aniline on the activated sludge was presented
in Chapter 4 for the purpose of comparison with the suc-
cessive chapters. Aniline did not give effect to the
activated sludge cultured with domestic waste water as long
as the dilution is appropriate. The treatment efficiency
for aniline was mainly related to the bioclogical phase,
Chapter 5 suggested that the hydrolyzed TDI gave slight
effect on the activated sludge under usual treatment ccn-
dition. SVI and COD of the effluent were shown to be
sensitive parameters for the treatment of waste containing
TDI=-water reaction producrs,

The biological effect on triethylene diamine was investi-
cated in Chapter 6,

Triethylene diamine would be treated with activate sludge
as long as the loading rate was low enough,

It was concluded as a whole that

(1) the hvdroivzed TDI and triethvlene diamine gave slight

effect on the activated sludge cultured with the
domestic waste water,

the acclimation of activated sludge with the water
containing hvdrolyzed TDI and triethylene diamine

seemed to be possible,
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Introduction
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biologically induced. At the same time biclogical degrada-
tion becomes evident in terms of the number, variety, and
organizaticn of the living things that persist or make
their appearance. In the course of time and flow the
energy values of a single charg» of polluting substances
are used up. The biochemical oxygen demand is decreased,
and the rate of absorption of oxygen from the atmosphere,
which at first has lagged behind the rate of oxygen
utilization, falls into step with it and eventt Vv outruns
The water becomes clear.
lThe natural purificaticia of peolluted waters is never fast,

1

and heavily polluted streams may traverse long distances
during many days of flow before a significant degree of

purification is accomplished,

Prameters of Pollutions

Degree of pollution and natural purification can be
measured physicalls chemically, and bioclogically.
Measurements may he made of turbidity, ecolor, odor,
nitrogen in its various forms, phosphorus, BOD, organic
matter, dissolved oxygen and other gases, minerial sub-
stances of many Kinds, bacteria and other microorganisms,
and the composition of > larger aquatic flora and fauna.

Longitudinal changes « liform concentrations establish

(1) the progress of bacterial self=-purification, (2) the




relative hazard of infection incurred by ingesting the
water, and (3) the degree of purification to which the
water must be subjected before it can presumably be used
with safety and satisfaction. When pollutional nuisance
of receiving waters is the criterion, the DO and BOD,

taken together, are relied upon to trace the profile of
pollution and natural purificatiocon on which engineering
calculations of permissible pollutional loadings can be
based. The BOD identilfies ia a comprehensive manner the
degradable load added to the receiving water or remaining
in it at any timej the DO (dissolved oxygen) identifies

che capacity of c(he body of water to assimilate the imposed
load by itself or with the help of reaeration through
oxyvgen absorbed mainly from the atmosphere, but possibly
released to the water by green plants. Requisite standards
of water quality will serve as guides to the tests that

are meaningful in given circumstances; COD, for example,
rather than BOD, may be the sSentinel when acid wastes

destroy saprophytes and other living things,.

Aerobic Decomposition and the Meaning of BOD
Terrestrial organisms draw their oxvgen from the atmos-=
phere; aquatic organisms obtain theirs from the oxygen

dissolved in water. pPbecause water contains only about

—— ¢ = (
0.8% oxygen by volume at normal temperatures (about 50

F),




whereas the atmosphere holds about 21% by volume, the
aquatic environment is inherently and critically sensitive
to the oxygen demands of the organisms that populate it,
Determination of the amount of oxygen dissolved iii water
(DO) relative to its saturation value and of the amount
and rate of oxygen utilization (BOD), therefore, furnishes
a ready and useful means for identifying the pollutional
status of water and, ) indirection, also the amount of
decomposable or organic matter contained in it at a given
time. AS shown in FfFig. 1.1, the progressive exertion of
the BOD of freshly polluted water generally breaks down
into two stages: a first stage, in which it is largely the
carbonaceous matter that is oxidized; and a second stage,
in which nitrogenous substances are attacked in significant

amounts and nitrification takes place. If the temperature

s 2 : . . o
of freshly pclluted water is 20" €, for example, the 1irst

stage extends about to the 10th day. During this period
the amount of BOD exerted in a unit of time relative to
the BOD remaining to be exerted during the first stage 1is
substantially constant. In tle succeeding second stage
the BOD rises sharply as nitrification becomes dominant.
Oxygen is then put to use at a fairly uniform rate that is
maintained for many davs,

A knowledge of the progressive utilization of oxygen by




polluting substances is important for at least three
reasons: (1) as a zeneralized measure of the amount of
oxidizable matter contained in water, or the pollutional
load placed on it, (2) as a means for predicting the
progress of aerobic decomposition in polluted waters and
the degree of self-purification accomplished in given
intervals of time, and (3) as a yardstick of the removal
of putrescible matter accompranying different treatment
processes. However, only the first stage of decompoSition
appears to reproduce itself sufficiently well tc he
generalized in mathematical terms.

The first-stage BOD has generally been formulated as a
first-order reaction. The concentration of oxidizable
organic material present is the rate-determining factor,
provided the oxygen concentration is gr=2ater than a
critical value of about 4 mg per 1 at EUOC, for example,
Because the reactions involved are enzyvmatic, the first-
order equation may be written for the lack of oxygen
dependence.

k'l:},

d

;[I - exp(—kt}} = Gl = 107

in which L is the initial or first-stage BOD of the water,
Y is the oxygen demand exerted in time t, and k or k' are
the rate constants related respectively to base e and base

10, The BOD remaining at time t equals (L = ¥), and the




proportion of BOD exerted in time t is y/L = 1 - exp(-kt)

= (1 - 10°K't) k' equaling 0.4343k.

Biological Treatment

As presently conceived and practiced, the biological treat-
ment of waste waters is not a single operation but a
combination of interrelated operations that may differ in
spatial distribution, proceed at different rates in time,
and be accomplished by biomasses that are unlike in
Sstructure.

First in time and importance is the transfer of impurities
from the waste waters to film, floc, or other forms of
biomasses by interfacial contact and associated adsorptions
and absorptions. Fhis operation is fast and effective if
the interflace between the liquid and the biomass is large,
if the concentration gradient of the substances to be
removed from one phase to the other is steep, and if
7bstructive liquid films an mecentrations of interfering
substances do not build up on the interface. Quality as
well as extent of contact is therefore important,

Second in time and equally significant is the preservation

of this quality of contact. It is accomplished primarily

by the oxidation of organic matter and synthesis of new

cells. Contact quality is preserved because of the tendency

of dissolved matter to change in concentration in such




fashion as to decrease the surface tension in the biotic
film or floc. Substances concentrating at surfezcces are
adsorbed; adsorbed substances are decomposed by the
accumilating enzymes of living cells; new cells are
synthesized; and end products of decomposition are washed
into the waters or escape to the atmosphere. Examples are
(1) the transfer of salts, such as nitrates, back to the
wastewater because they * cease the surface tension of
the interface, and (2) the escape of gases, such as COs,
because of their lower partial pressure in the contiguous
atmosphere. Conversion of the biomass into settleable or
otherwise removable solids is5 a vital matter. This third
operation proceeds in synchrony with the preservation of
the quality of contact and determines the over-all ef-
fectiveness oi the process,

~

The progress of biological purification is illustrated in
rig. 1=2. Interfacial transfer or adsorption is the rate-
determining step. It can hold i1ts lead, because slow
operations = such as the preservation of contact quality
an. {he settleability and stabilization of the biomass -
are in the naturec of things shifted out of the time stream

of happenings in the liquid phase to proceed at a more

leisurely pace in the solid phase of the biomass., Bio-

logical treatment shares this effect with the biological




se.f-purification of receiving waters, in which suspended
folicd are laid down on the stream bottom to decompose
slowly in the benthal environment.

If decomposition is designed to approach full stabilization
of waste flocs or sloughed films within the principal
treatment unit itself, a fourth operation is added to
over—-all treatment demands.,

The most advanced biological treatment systems are normally

preceded by primary settling tanks. The biological or
secondary component is then composed of the biological

unit proper, normally with its own Secondary settling tank.
However, as illustrated in Fig. 1-3, some partial or
complete recirculating syvstems dispatch their solids to

the primary tank.

Recirculation of waste water flows through biological
treatment units distributes the load of impurities imposed
on the units and smooths out the applied flow rates. Tn
this way normal as well as shock loadings can be affected

favorablv.

1.5 Activated Sludge Systems (ASS)

1.5.1 Microbiological system

(A) Biological Degradation of Waste Water

Waste water which contains various organic compounds

is subject to the coaguration into biomass and, or




the biological degradation when they contact activated
sludges. The soluble organic compounds are decomposed
into H20 and CO» via. the adsorption onto and accumu-
lation into the activated sludges.
The biological degradation of waste water is arfected
by its guality because the reactivity of the activated
sludge is sensitively dependent on the sStructure of
the organic compounds,
The biological oxidation proceeds through the follow=-
ing four phases:
(1) The adsorption of organic compounds onto the
activated sludge
Accumulation of organic compounds into the
activated sludge
Consumption due to the growth and self-sustaining
of the activated sludges.
Endogenous respiration

The above processes can be expressed as

CxHyOz + 02 ——"=3 (CO0s + HpO = AH ..... (1)

(Oxidation of waste water)

enzyme ;
: cell material +

CxHy0z + NHg + 0o
(0w < Hall o AL Lsici w e e e et 2
(Synthesis of cell material)

: enzyme . -
Cell material + Op ~——3 CO0p + HnO

NII:'{_d” T T T T T T ("'}

(Endogenous respiration)




where H is the enthalpy change associated with
the reaction. In other words, —AH is the heat

of reaction. The nitrogen and sulfur compounds are
oxidized into sulfates and nitrates.

(B) Growth of activated sludge

One of the most important processes of activated sludge
systems is the growth of the microorganisms. Theoreti-
cal treatment of its growth has not necessarily been
sufficiently developed for the flow culture systems,
while it was done for the batch culture,
The growth phase of the batch culture in the vessel
such as Fig. 1.4 will be given in brief,
The typical growth of biomass with time can be repre-
sented as shown in Fig. 1.5.
(a) Induction phase
In this peri. 1, the cell prepares for the fission
until the enough substrates are accumulated in the
biomass.,
Logarithmic growth phase
In this period, the cell concentration X (mg.
cell/L) increases according to the following

relation.

dX
dt




where S (mol/1) and Yx/s (mg. cell/mol) are the
concentration of substrate and yield coefficient
of the biomass for a unit substrate respectively.
Being analogous to the Michaelis-Menten's equation,

the removal rate of substrates is expressed by

S

Y = \)"‘K - SRR e e i R

where
Y (mol/mg. cell-=hr): Specific substrate
removal rate,

( = - l ds
X dt
S (mol/1): the substrate concentration

K (mol/1): the saturation constant
s

Since

- =
1.‘(-"5 Vm m

the combination of Eq. (4) with Eq. (5) produces
the following relation.

—

dX 2 . =
o N V%11x55 Ka o

ol

(6)

In the logarithmic growth phase, the assumption

S>> Ks holds. Thus, Eq. (6 ) is expressed as




gives the following solution of X.

= Xo exp 9”m t) sSusassamaesrsaRsEsenees L7)

is referred to specific growth rate with the

dimension of (hr~1l),

and (d) Transition and static phases,
The activated sludge terminates growth after a
transition period when the following conditions
are given

(i) the shortage of substrates and nutrients

(ii) the shortage of oxygen supply
(iii ) the accumulation of toxic matters
(iv) the shortage of growth factor such as wvitamins
Decay phase
After the activated sludge stays at the static
rhase for a period, it starts to decompose follow=-

ing Eq. 8.

dX

dt : : K¢

where kd is the decomposition constant (hr~1),

(C) The rate of oxvgen consumprion

The aerobic oxidation of organic material is conducted

by the respiration of microorganism, The aerobic




oxygen balance is given according to the relation

A (-AS) =B (4X) + A02 (9)

where X; the concentration of microorganism
(mg/1)
the oxygen demand for the complete
oxidation of organic matter
(mgOs/mg: organic matter)
the oxygen demand for the complete
oxidation of activated sludge

(mgls ‘mg MLSS)
At the same time, Eq (10) holds for the aerobic

consumption of Os.

AUE:mOXﬁt*‘;— hx I T T T T I A TN T I (]U)
1g0

where mo maintenance constant for oxvgen

(mgOs /mg MLSS. hr)

Y vield coefficient for oxygen

go’
The combination of Eq (9) and (10) gives

d B2 _ A - S B.Y mo

at (= Bl'go)(cit) o BY go

YE sawve (21

Here, the specific substrate removal rate for the
unit hydraulic retention time in an aeration tank

can be expressed as




ds

1
-}-{-(-—— CIRCT IR I SR I R I I I R I B B

dt

influent of waste water (mz/aay)

volume of tank (mj)

(V/F) hydraulic detention time
So; concentration of substrate of influent
Elimination of (=-ds/dt) from Eq. 11 and Eq. 12 gives
d(o,]

Vr =aF .(50_5 +b\rx LI U TR DN D N NN DR R N B I L N B ]_
- ( ) (19)

where A/(1 + BYgO); Oxygen consumed for
the oxidation and growth of micro-
organism,

mo BY + BYgO): specific oxvgen

g0 (1
consumption rate required for the

maintenance metabolism.

(mgOs /mg MLSS - hr)

1.5.2 Activated Sludze Processes

In the activated sludge processes the waste water is
oxvdized and stabilized through the complicated bioclogical
reactions.

It is almost impossible to elucidate the whole processes
which occur in an activated sludge system.

However, it can controled practically by using the follow-

ing parameters.




(i) quality of the waste water
(ii) loading rate
(iii) type of reactor

(iv) growth of activated sludge

(v) transport of oxygen

(vi) settling character of the sludge

To find cut the relations among these parameters, the
matnematical model is given below., The meaning of the
parameters will become clear.

(A} Growth and removal of substrates

As is given in the preceding chapter, the relation
between the rowth of biomass and the removal of
substrate can be expressed by

ax ds
—_ = Y(=—) - k

(it‘ (jr (l.‘\o.---c.l-------oo--ou-.cau(l-l)
where

1 dXy o
¥ (gT)i net specific growth rate

vield coefficient
substrate remowval rate

decomposition constant
Xi microorganism concentration
From Michaelis - Menten's equation for the enzyme

reaction, the following relation is obtained.




- N S, g
a Vm Ks 4 S ''cttrerererssssscicenians (15)
maximum specific removal rate of a substrate
actual substrate concentration

substrate concentration at the half of the
max. Substrate removal rate

by dividing Eq. 14 by X, Eq. 16 is5 deduced.

1oy Lol
X dt X

ds .
-——-)-}\'l.......-..........,.o 16
(rlt ( J
The combination of Eq. 15 and Eq. 1& conducts Eq. 17

= IR sl sk e s e AL )

For the definite change, Eq. 16 can be approXimat ad

] A -

Et"zl—h\i N, 5 vowe (18)

where the sufix m represents the constancy of biomass
and substrate,

Here, Xm (a&aX _ i eferred to me: -1l residence
time or biclogical solid retention time.

That i1 Je = Xm/( A t)*m .. ' (19)

xm 1s equa t the total amount of activated

sludge and (AaX/ At ) S to the rate of the biomass
removal from the aera oy tank. Using the relations

AE ;Tf]n 4 (:"ra.]




the percentage of the substrate removal from the

activated sludge system is given by

X 100 (%) sesaswoasosnsssssnessia

Si
where sufix i and e represent the influent and effluent,
respectively.
In order to obtain the concentration of substrates
is rewritten with Eq. 15 and Eg. 20 into Eq. 23
= Ks(1 + Kd®c)B8c(YK - Kd) - 1 . (23)
From Eqg. 17 and Eq. 21
= kSe/(Ks + Se)
Se = UKay(K = U)
l'herefore, substrate concentration i the effluent is
a function aof 8¢ or U
Finally, Se can be estimated from Y, K and K4

(B) The interpretation of the parameters

(a) Mixed liquor suspended solid (ML33) and mixed
ligquor volatile suspended solid (MLVSS3)
In the activated sludge processes it is almost
impossible to separate the suspended solids into
simple components, In order to evaluate the
quantity of tae suspended solid, the cake removed
from the mixed liquor by filtration is measured.

The dried cake thus obtained from the liquor




(b)

(¢)

mixture of one liter is referred to MLSS(mg/1l or ppm),
On the other hand, MLVSS means the organic compound
included in *the cake. MLVSS is obtained by measur-
ing the heat generated by the combustion of the
cake .,

MLVES is important for the waste water containing
large amount of inorganics,

Concentration of organic matter

The microorganisms consume oxXxygen to oxidize the
soluble organic matter., Thus, the amount of oxygen
consumed by the microorganisms could be an index

of the concentration of organic matter. Thnis
quantity i1s called bioclogical oxygen demand (BOD),
On the other hand, chemical oxygen demand (COD)
means the oxXygen consumption due to the chemical
oxidation of organic matter.

Sludge volume index (3SVI)

This indicate the settling character of the acti-
vated sludge, The settling character is important
for the separation of sludge from the liquid-=solid
mixture,

The actual index is given as

SVac !
SVI = _._i_ >, S W '
ML3S



where SV}O means the ratio of water layer to cake

layer when the solid=liguid mixture is kept in 1
graduated cylinder.
SVyy is expressed with percentage of cake layer to
the total mixture when it is kept in a static state
for 30 minutes,

(d) F/M ratio
F/M ratio is defined by the following equation

CODhin x Q

MILSS x v

™M =

where
CODin; influent COD (ppm)
Q; volume of influent waste water
(L /day)
volume of tne aeration tank
(L )
mixed liquor suspended solid

(mg L or ppm)

The treatment efficency increases with the resident
of wast water in the aeration tank and with the
amount of the activated sludge.

Thus, the ratio of the amount of substrate in the
influent to that of activated sludge is an im-

portant factor.




In the present operation /M remains less than 0.2.

Oxidation = reduction potential (ORP)

The electrode potential of inert electrode such as
platinum in the mixed liquor is dependent upon the
condition of activated sludge. However, the inter-
pretation for ORF is not fully developed so far.
Usually, the activated sludge in a good condition
shows the potential of +100 to +550 mv against the
standard hydrogen electrode, The decrease in
oxyvgen concentration and increase in loading of
substrates shifts the potential to the negative value.
Hvdrogen ion concentration (pH)

The usual pH wvalue for biological ecosystem is
between 6.8 and 7.4. When the activated sludge
overaerated, pH decreases to about 6.0 and the
dispersion of sludge floc occures,

'he increase 1in pH to about 7.5 induces the poor
settling of the activated sludge

Dissolved oxvgen (D.O.)

The dissolved oxygen in the aeration tank should
be maintained between 0.5 to 2 ppm in order to

keep the conditions of activated sludge.
'




1.6 Glossary as for Activated Sludge Systems
1) Endogenous Respiration

The shortage of the substrate camses the selfdecomposi-
tion of the microorganisms to produce energy to sustain
their life. This is called endogenous respiration.
Cell material
The chemical composition of the cell material in the
usual conditions can be expressed as CﬁH?NOQ. When a

cell accumulates the substrates, 1ts composition would

be C SHTNUQ.CXH_\-‘UZ!' which is dependent upon the character

of waste water.
Yield coefficient: Ygo
This means the growth of microorganisms when the unit
amount of oxygen is consumed,
Michaelis-Menten's equation
Suppose tidat substrate, =, react with enzyme, E, to
produce the complex ES and BES decompuses into product
P and E. That is
Ky
K- 1
vielding rate of product 1s given by

Vim 3

k.

m




where
vm = K1 [EJO
K- K+2
Ry = 1 + + 2

Ki1
The above equation is referred to Michaelis-Menten's
equation.
£) Maintenance constant
The microorganisms require two kinds of energy, that is,
the energy to grow and that to maintain their life.
The oxidation processes of substrate to produce the
latter energy is referred to maintenance metabolism.
'he amount of this energy for the unit quantity of
microorganisms is called maintenance constant.
6) Mean cell residence time (biological solid retention
time): ©¢
The microorganism is very active when cell fissions rake
;.l]ue'c-.
Thus, the activity of microorganism in the activated sludge
system is higher as their residence time is shorter. The
parameter 8¢ would correspond to the activity of activated
sludge,
In the other hand, the activated sludge with small Oc could
be afferted much sensitively for the loading conditions,
Therefor, the control of the activated sludge processes

i3 not easy in this case.




Chemistry of Tolylene Diisocyanate (TDI)

Diisocyanate toluene or tolylene diisocyanate (TDI) has

such structure as Fig. 1.6. TDI is very reactive and

react with various kinds of compound.

Especially, TDI is highly reactive to the compounds having

active hydrogen atoms. The reaction can be expressed as
R*NCO + HX ==—- R*NH:CO'X

The reactivity of the active hydrogen atoms is in the

following order.

A K+NH, > Ar+NH, > HyO % R+CH,OH> R'R®CHOH

R'IR°R7C—CH > active CHp > Ar+OH> R+«COOH > R+CO +NH5

This indicates that TDI reacts with water to a great extent.,

The hydrolysis of TDI yields COn and amine finally.

NCO NH «COOH
e

— e
N NGO < ™\ NH *CGOH

- NH;

B
N NHo

+ 2C0s

The amine thus produced reacts again with TDI to
polvureas.,
NH,

— (=NH*R*NH'CO*NH*R+NH*CO-)
NH»

Thus, the possi prllurtants in warer would be amine and

polyvureas.
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Fig. 1- 6. Tolylene diisocyanate . (TDT)




Design and Operation of Model Plant for Activated Sludge

Preparative Design and Operation of Aeration Tanks

Introduction

For the study of biological waste water treatment, 1t is

important to prepare the well-controled aeration tank.

In order to avoid the fail irn designing the aeration tank,
the small scale preparative experiments (about 13 L vessel)
weile made at first, Then, the comparatively large sale
vessel was designed being based upon the data obtain in

the small scale experiments,

Experimental

Inree types of vessels were designed as shown in Fig. 2 -1.
The parameters associated with culture such as MLSS, 3Vag,
SVI, COD of influent and effluent

y were measured according

to the methods mentioned previously, [he temperature and
1 . . e . 1+ ; - . - -\U -
D.C. in the aeration tank were maintained 285 + 2°C and

to 2 ppm, TusSped ‘.'_1‘.‘('}_\'. For each vessel] ;. COTrNn=Steep=
liguor was continuously fed as a substrate,
k.-\/} Results

} ] }

Figs, 2=1, 2=2 2=" 2= 2=5 and 2-6 give the original
data obtained from the enlture vessels I, II, and III,
respecti vel ¥

(a) Comments

As 15 seen : » 2=2, MLSS increases graduallj




(b)

and oscillates around 2,500 ppm.

It is known that the activated sludge is

Stable

for the variety of load at the comparatively high

value of MLSS.

Being based on our experience, the vessel is well

operated at the value of 2,000 - 2,500

pPpm.

SVI 1s as low as 30, regardless of MLSS as shown

e |

in Fig. 2=-2. This indicates that the activated

sludge has the good settling character,

treatability of COD is as high as 90%,

good operation was made up to 13ith day

However, on l4th day, activated sludge

bulking and large amount of sludge was

The

As a whole,

becan

lost.

MLSS decreased rapidly. Immediately after t

bulking phenomenon was found, the feedi
strate was stopped and the new sludge w
gradually. [o recorer up to the normal
the aeration tank, about 10 davs were n
bulking appeared.

Comment for vessel II

As shown in Fig. 2=4, ML3S stays as low
ppm and SVI is high Judging from this.,

atizn seems not to be proper. However,

treatability is above 80% and stable,

ng of

as ad

stat

[.pli;..i

as 1

the o

the

I'his

e
I'hen,
he
sub-
ded
e of

after

, 000

per=

sSuggests



that SVI and MLSS are not always convenient para=-
meters for the treatability.
Corment for vessel III
In this case, F/M was fractuated with time.
ML5S decreased gradually and pH staved at rela-
tively high values. Treatment efficiency was
also not stable.
The relations between parameters are not obtained
directly from experimental data,
2.:1.3 Discussians
The data obhtained directly does not give the understanding
for the operations of aeration tank. 'hen, a few trials
to deduce the correlations between parameters and funda-
mental understanding of the microbial ecosystem,

(A) Correlation between SVI and MLSS

in Figs. 2=8B, =2=9, and 2~10 SVI is plotted vs, MLSS.
For the vessel I (Fig. 2=-8) SVl stays constant, regard-
less of ML=S and its value is

This indicates that the settling character * sludge

18 alwavs sStable. On the other hand, in Fig. 2=9, S\I]
increased for the low value of MLS:

This indicates that the settling character is not

stable for the growth of activated sludge. In con=

clusion, the stable feeding of substrate (constant F M)




gives the excellent settling character independently
of the growth of the activated sludge.

Correlation between SVI and F/'M

SVI vs. F/M is plotted in Figs. 2-11, 2=-12, 2-=173,

In Fig. 2-11, and 2-12, SVI decreases with F/M as long
as F/M is less than 0.15, while it increases again for
the higher value of F/M than 0.2. This shows that when
I'/M 1s low the =ludge is light and that the optimum
value of F'M exists to obtain good settling character,

Correlation between treatment efficiency and F'M

The correlation between treatment efficiency and F/M

g ]

appears in Figs, 2-173, 2-14, 2-15 for vessel I, 1I,

and IIl, respectively. In the cases of vessel 1, and
[I, treatability increases with I"/M, while in the case
of vessel III, the maximum is observed. In the vessels
I and 1I, the loading was sg low as the substrate which
could be oxidized biologically was ajmost treated.

It 15 estimated for the wvessel III that the decrease

in treatability for the wvalue of F, M higher than 0.15
appeared due to the excess loading the treatable limit.
It should be recognized that the optimum value of F M
exists clearly and treatment efficiency is affected by

F M sensitively.




2.2 Design and Operation of Model Plant

2.2.,1 Introduction

Being based on the data obtained from the small scale
experiments the comparative large model plant of aeration
tank was designed and cperated. The operating data for
20 days and their analysis are presented in the chapter,

2.2.2 Design of the vessel

The geometry of the designed vessel is shown in Fig. 2.17.
The aerobic reaction proceeds in the central space and
water circulate according to the arrow. The small space
in the left side is prepared to separate the water from
sludge.

2.2.3 BResults for the culture of a short period

The parameters associated with culture for 20 davs oper-
ation are plotted in Pigs., 2-18, 2-19, 2-20, and 221,

As is shown in Fig. 2-18, MLSS increased with oscillation
and attained the steady states after about 10 davs., The
initial value of MLSS was 1,250 mg and that after 10
days was 2,000 mg,

[ha vessel was so operated as MLss staved between 2,000
W and 3,0C 5Vl staved almost constant as much
as 30=-4C after 7 days operation regardless of the increasec

in MLES.,

This indicates the good operation of aeration tank. As




seen in Fig. 2-21, COD of the effluent¢ was almost constant

turoughout the operation independently of COD of the in-

fluent. Thus, the capacity was proved to be large enough
to bear the load given in this experiments. From this
speculation, the organic compounds in the effluent were
not to be biologically active. This is consistent with
the fact that F/M staved mainly at the value of 0,07 to
0.1 and did not exceed 0.20, Therefore, it is concluded
that the treatability obtained in this experiment is the
maximum for the degradation of corn-steep-liquor. The
oxidation-reduction potential in Fig. 2-20 is kept above
100 mV vs. NHE except for 2nd day. The system was
aerobic cor itions throughout the experiments, pH
between 7 .21 and 6.65.

This also indicates the aerobic nature of the system.
Dissclved oxvgen was maintained between 0.5 and 2 ppm
except for second and 11ta day. If the aeration is too
strong, the system would result in the decrease in pH and
dispersion of floc.

Discussions on the culture for a short period

Correlation between F M and treatabillity is given in Fig.
2=21 .

As already mentioned before treatabilityv increases with

F'M as long as treatability limit 135 not exceeded,




This figure clearly showed this tendency. From Fig. 2-22

maximum treat2bility for cormm-steep-liquor seems to be
about 90%.

So far as the prezent experiment concerned the activated
sludge system was notl over=~loadec, The correlation between
ORP and F/M is examined in Fig. 2-27. ORP seems to Show a
maximum around F/M = 0,10, where the system might be most
aerobic. ORP is also plotted against treatability in

Fig. 2-24. Generally, it seems that the activated sludge
treats the organic matters efficiently when ORP is high.
It is concluded that the degradation of organic compound
would proceed more efficiently as the enviroenment iS more
aerobic.

Culture for long periods

The activated sludge has been acclimated with corn=steep-
liquor under the conditions of continuous culture in the
pilot plant (vessel IV).

The parameters given and obtained are plotted in the same
manner as hefore. The activated sludges used for the
experiments were taken from the system (hus acclimated,
I'hereflore, the history and conditions of activated sludges
used for the experiment can be obtained precisely if

N o=

necessary., They appear in Fignres 2-<25
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Chemical and Biological Oxidations of Aniline, Tolylene
diisocyanate, Triethylene diamine, Glucose, and Corn-

Steep=liquor

Introduction

Biological Oxygen Demand (BOD) is not only an index of

water pollution but also a measure of biological degradation
of matters under aerobic conditions. Its detail meaning
and kinetics have been described in a preceding chapter,
In this chapter the biological oxidation of tolylene
diisocyanate (TDI), triethylene diamine (TED), glucose,
and corn steep liquor (CSL) is given as a function of
BOD.

If the efficiency of biological oxidation i's high, the
matter would be a substrate for the biological treatment.
Chemical Oxygen Demand (COD) is an index c¢f chemical
oxidizability of matter. C€COD of hydrolyzed TDI, TED,
aniline, glucose, and CSL was also measured.

The corelations among BOD, COD, and TOD (Total Oxygen
Demand which is obtained from calculation)were discussed.
Aniline, glucose, and CSL were examined for the purpose

of comparison with TDI and TED.




Experimental

The measurement of BOD was conducted according to JIS
(Japanese Industrial Standard). The following four
solutions were prepared.

Buffer solution (A)

KoHPO), (21.75 g), KHoPO, (8.5 g), NapHPOy -12Hp0 (44.6 g),
and NHLCl1 (1.7 g) were dissolved into water and the solution

was so diluted that its volume attained 1L. pH of the
solution was 7.2.

Solution of magnesium sulphate (B)

The solution containing 22.5 g MgSO, *7H20/L was prepared.

Solution of calcium chloride (C)

The solution containing 27.5 g/L was prepared.

Solution of ferric chloride (D)

The solution containing 0.25 g FeC13v6H20'L.was prepared.

Procedure

Sample should be prepared immediately before BOD measure-
ment,

If the sampling solution is too concentrated for BOD
measurement, it is diluted approximately by de-ionized water
until its total volume was brought to 300 ml. Then, the seed
solution,A,B,C and D were added. Seeds used in this
experiment usually were a supernatant of activated sludge

solution, and added 3 ml. Activated sludge mixture solution




was also used for a few runs.

Usually activated sludge was cultured with conc¢inuous feeding.
The difference in activated sludge conditions may not

change BOD values seriously.

Secondly, 3 ml of the buffer solution of A was added
maintaining pH within 7.2 - 7.4. One ml of B, C, and
solutions were added as nutrients for microorganisms.

At the same time, standard reference solution for BOD
measurement should be prepared.

Three hundred ml. of glucose solution was diluted with

)
de-ionized water to 3 x 10 i wt.% and Ay By C 2 D

solutions

were added respectively, as the same volume of the samp
solutions.,

Five samples with different silutions and a

standard reference solution may be incubated acv the same
time.

The incubating room was maintained at 20°C. The incubator
was always stirred by magnet stirrer intensively.
Coulo-Meter generates oxygen by electrolysis of saturated
copper sulfate solution in response to the biclogical
cxidation of a sample. The exhausted CO2 from incubated
sample was absorbed with soda lime so that the content of

air in the incubator may be held constant.

After the incubation, the quantity of the charge used for




electrolysis was converted intc the amount of oxygen
consuined by biological oxidation.
This value was recorded continuously.

Usually BCD measurement was continued tor 5 days and its

value i=s referred as BOD:)-

COD was obtained according .' Japanese Standard (JIS)as follows:
Principle

To evaluate the organic materials dissolved in a solution,
KMnO), solution is added to samples and oxidizes them for a
period. Then the amount of KMnOl, consumed to the oxidation
is measured by titration.

Reagents

The water used for the measurement should be de-ionized
and free t'rom organic material.

Sulfuiric acid diluted with twice volume of water is
prepared. Also, 1/40 N Na2C204 and 1,/40 N KMnO4 solutions
should be prepared. Fine powder of Ag2S04 is also needed.
Operations

A proper amount of sample solution is diluted to 100 ml
with water and adds 10 ml sulfuric acid solution prepared
before. After 0.3 g Agy30, is added, the wvessel stirred
vigorously foi1 a few minutes., Then, 10 ml of 40 N KMnoy
solution is added wery correctly.

IThe vessel is heated in the boiling water for 30 minuces.




After that, 10 ml of 1/40 N NapC204 Solution is added

keeping the vessel 60 to 80°C.

Finally, the solution is subject to reverse-=titration with

1/40 N KMnO4. COD is calculated according to the equation.

1,000
COD = (b - a) x f x ’v % Fa2

chemical oxygen demand (ppm)

volume of KMnOy solution consumed to the reverse-
titration of sample (ml)

volume of KMnO), solution consumed to the reversed-
titration of blank (ml)

factor of 1/40 N KMnO!, solution

volume of sample solution

Results and Discussions

Corn Steep Liquor (C3L) and Glucose

COD and UOD5 of CSL and glucose for different concentrations
are given in Table 3-1.

lhe effluent from activated sludge system (ASS) which was
cultured with CSL was also sub ject to BOD=z test.

Fig. 3-1 shows the corelation between COD and BODs for CSL.
As shown in this figure, BOD- was proportional to COD with

& slope of 2.1w In other words, CSL was oxidized bio-=

logically more completely than was done chemically.




TOD of glucose was obtained according to the reaction.
CoH120g + 602 ——3 6C02 + 6H50
TOD thus calculated was compaired to BOD. The oxidation
efficiency of BOD to TOD was 34.6%.
This value 1s in agreement with that reported else-
where.
Aniline

COD and BOD- of aniline of various concentrations are given

5
in Table 3-2 and Fig. 3-2. The seed solution for this

experiment was taken from the activated sludge system,
which had such parameters that MLSS = 1,452 ppm and treat-
ment efficiency = 83.6%.

This result exhibited that aniline was not oxidized bio-
logically with the seed obtained from an usual activated
sludge system. In other words, the biological phase in

the usual activated sludge system was not acclimated enough
to oxidize aniline. In order to conform this result, the
various seeds taken from the activated sludge system
cultured under different conditions were used.

BOD: for any seeds was proved to be zero as shown in Table
3=3 and Fig. 3-3.,

The glucose, which was examined under the same conditions
for the purpose of comparison, showed the appropriate value

of BOD.




In the preparative experiments, BOD test for a longer
period exhibited the possibility of oxidation of aniline.
Results was not given in this paper.
The oxidation efficiency was calculated. TOD of aniline
was derived from the reaction

CeHsNHp + 702 —> 6C0O2 + 2H20 + NHj
The value of TOD for aniline was 2.41 (g On/g aniline).
The following results were deduced by using this value.
Chemi cal oxidation efriciency of aniline with respect to

TOD.

(COD/g aniline)
(TOD/g aniline)

106

Biological oxidation efficiency of aniline in refer to TOD,

(BOD/g+aniline)

X 100 = 0~ 5,7%
(TOD/g+aniline)

On the other hand, the biological oxidation efficiencies
of glucose with respect to TOD under the same conditions
| N 1

were about 21 to 44%.

Tolvlene diisocvanate (TDI)

As already mentioned in the preceding chapter, TDI was

easily hydrolyzed with water. The reaction products were

mainly amines and polyureas.

In the present experiment, TDI was dissolved into water




for a certain period at first. Then, the solution contain-
ing the products coming from hydrolysis of TDI was used as
a test sample.

First, COD for the filtrated solution in which hydrolysis
had proceeded for a certain period at room temperature

was measured.

The solution including TDI of 24,300 ppm was stored at

room temperature. After a certain period, the solution

was filtrated to remove suspended solid and COD was measured.

Tables 3-=4 and 3-5 present the results for different
hydrolysis durations. COD for one gram of TDI added to
water is also given. The efficiency of chemical
oxidation in refer to TOD was calculated and given in
Tables 3-4 and 3-5.

TOD of TDI was derived according to the reaction.

CgHgN20n + 803 ———3 9CO2 + 2NHj

Then,

TOD = 1.47 (g O2/g TDI)
The wvalue of efficiency for chemical oxidation
was as low as 0.1%.
On the other hand, as shown in Table 3-6 COD of the solution,
which was not filtrated and included suspended matters such

as polyurea, was as high as 0.6 to 0.8 g 0>/g TDI.
2 U2/8

The efficiency of chemical oxidation to TOD for this solution




LS

as high as 43 to 55 %.

Thus, the filtrated solution or supernatant after the

hydrolysis of TDI did not include the organic compounds

of high concentrations. In other words, TDI was hydrolyzed

and was changed almost into the suspended solid matters

such as polyurea.

Second, BOD was measured for the hydrolyzed TDI. The

sample solutions were not filtrated. The seed was also

taken from the activated sludge system, which was at the

conditicns of MLSS = 2,428 ppm, SVI = 69.2. The results

is given in Table 3-6 and Fig. 3-4.

The efficiency of biological oxidation in reference to

TOD of added TDI was also calculated to show in Table 3-6

and Fig. 3-5. The efficiency was as low as 1 - 2%,

The numbers appearing in Fig.'s 3=~4 and 3-5 are in accord-

ance with those in Table 3-6.

I'he comparison among No. 1, 2, and 5 in Table 3-6 indicates - ¥
that the time of hvdrolysis does not give effect on the
BOD=s and oxidation efficiency.

The oxidation efficiency decreased with the concentration
of added TDI.

The same kind of experiment on BOD with seed different from
the above experiment was conducted.

The result is given in Table 3-7 and Fig. 3=-6. In this

- 128 -




case BOD5 was always nil and BODjy was as low as 2 - 3
(mg 02/ ).

These results suggested that the susceptibility of bio-
logical oxidation for hydrolyzed TDI solution was dependent
on the biological phase of the seed. The compariscn
between BODs and BODyp in Table 3-7 exhibited the accli-
mation of biological phase to hydrolyzed TDI solution
because the longer culture in the vessel gave the value
higher than zero.

Triethvlene diamine (TED)

COD of triethylene diamine was measured to show in Table
3=8s
TED dissolved into water without appearent reaction. The

efficiency of chemical oxidation (COD) in refer to TOD was

calculated as given in Fig. 3-6. TOD was calculated according

to the reaction

C6H2N2 + (15/2) 02 ——— 6CO02 — 3H20 + NHj3

TOD = 2,14 (g O2/g TED)
The value of COD was ranged between 65 and 83%.
This indicated that TED was not decomposable in the water
and accepted chemical oxidation easily.
On the other hand, BOD=z test exhibited that the difficulty
in biological oxidation of TED as shown in Table 3-9 and

Fig.

’3"7 .



The seed used for the BOD test was also taken from the
activated sludge system described previous chapters.

The biological oxidation of glucose conducted with the

same seed for the purpose of comparison gave the reasonable

value as shown in Table 3-=9,.

Conclusion

Being based upon the results obtained from COD and BOD

measurements, the followings were calculated.

1) Corn steep liquor with which the activated sludge system
in the present experiment was acclimated was highly
oxidizable in the biological manner. BODs and COD
gave the excellent proportionality.

The efficiency of bicvlogical oxidation was as twice as
that of chemical oxidation.
Glucose was also oxidized easily with any seeds taken
froil the activated sludge system in the present use,.
Aniline accepted the chemical oxidation with an ef-
ficiency of 86.7% in reference to TOD.

However, it was slightly oxidized biologically
within 5 days for any seeds taken from the activated

sludge system in the present experiment.

Tolylene diisocyvanate reacted rapidly with water

to give white suspended matter, The filtrated solution

of the above suspension gave the verv low value of COD.




On the contrary, COD of the suspension was high. The
. former oxidation efficiency in reference to TOD was as
low as 0.1%, while the latter was 43 to 55%.
COD of filtrated solution stayed at a low value for the
hydration duration longer than 50 minutes,
5) Suspension obtained from the hydrolysis of tolylene
diisocyanate gave low value of BODS. This was due to

the difficulty in biological oxidation of the suspended

matters., It was observed that the biological phase could
be acclimated with this suspension.
6) The aqueous solution of triethylene diamine was subject
to chemical oxidation with an efficiency of 65 to 835%

in reference to its TOD. However, it was not oxidized

o biologically within 5 days.

Dil'S Useful Informations and Suggestions Abstructed

1) Aniline, tolylene diisocyanate and triethylene diamine

were not able to be oxidized with the biological phases

acclimated with domestic waste waters within a short

period. However, acclimation of biological phase with

aniline and hydrolyzed solution of tolylene diisocyanate
would be possible.

2) Tolylene diisocyanate reacted rapidly with water

to give whi te suspended matters.




Thus, the removal of tolylene diisocyanate by hydrolysis
would be promising.

The suspension after hydrolysis gave a BOD value larger
than zero.

Thus, the complete reaction of TDI with water would
minimize the water pollution as long as the appropriate

consideration is paid.

COD for corn steep liquor which is the substrate of

the activated sludge used in the »>resent experiment is

a satisfactory substitute of BODg for it.
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T.ble'3-2. COD AND BODs OF ANILINE
AND GLUCOSE

Corn-entra-
rem Szjm-
ple X100 %%

ANILINE
4.08 3.20
| 6.2 20.5
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408 | B2,
0P | D

BLUCOSE. |
200 188
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Table3-2 BNOD: OF ANILIME FORP VARIDIS

SEEDS

| Seed in vdricus condi-!
| ticns

' MixeC ligquor of activat-
;ed sludge cultured with
|6nly tap water
' Mixed liguer of activated
islutoe , 15 minures afier |
| feedng CSL
| Miyed liguor of activated!
’!S‘Jd\. 60 minutes after
|feeding .CSL
l Supernatant of acTivdted|
sludge, 120 minutes after |
feeding CS L |

Suoomatant ot dctivated!

Stuage, *O minutes after |
“e‘—*-dmg L, - |

Sluco e as retfernce

Supernatant of activated
sludg=. 180 mminutes afver
Teeding CSL
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Dissolved Oxygen concentration (DO) and pH were measured
and recorded simultaneously.

The solution was aerated at first and DO was increased
to 7 o 8 mgils

Then, the aeration was stopped and decrease in DO was

recorded, DO decreased linearly with time down to

In the course of deaerated process, an additive (aniline

During the above process, the solution

changes ot DO are given

of

represented b)

Vo lume

diluted

luted and

chapter, a w experimenta data lould be given
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Accordingly, the numbers of tables and figures were given

in a special way. The independent tables and figures were

numbered in the same way as preceding chapters.

Table

Number in chapter 4.
Representing the chapter

tables and figures were given in the following

cXperiment

or figure




Change in respiration rate of various act.vated sludges

with addition of an-line

The activated sludges of various characters were prepared

with different cultures, The characters were listed in

Tables of 45Y-0, where Y (=1, 2 ) represented

experimental set number.

'he concentration of anilin2 in the measurement vessels

and respiration rates were given in Tables 4SY-1.

The concentration was calculated in terns of weight.

Respiration rates were expressed with respect to the unit

guantity of MLsSS.

T'hen, the dimension of respiration rate was m,fr(wjg)'ln‘_l-
In Tables 43Y-1, the loading rate with respect

to MLSS and the ratio of the respiration rate after the

ldi. tieon of aniline (o to that before the addition (rj)

may be a measure of the impact which the

aniline gives. When r.r. ou g >‘. the

o)

respiration rate was accelerated by addition of aniline

and vice wversa.

In the experimental sets from 431-X to 43S7-X, the activated
sludges were cultured with continuous feeding of corn Steer
liguoirs Figures 43Y-1 (Y = to 7) give the dependence of

e o O the loading rate ol anilineés In any figure,




) Gl ET r.r‘.] has a minimum and a maximum,

The minimum appeared in the range of loading rate between

04 /and 08 g\aniljno)'hx‘_l g1 (MLSS) and its value was

always less than 1.

The maximum was ocbserved for the loading rate around 2
g(aniline) 'hr‘_'lg:—](MI,:':'/ and its value was larger than
This indicated that aniline acted as an inhibitor to the
respiration activity at The very low and very high
while it acceleratea the respiration rate at the inter-
mediate loading rates.,

In the experiments of 4S8-X and 4S59-X, the activated
sludge had been aerated without feeding corn steep liquor
for a dav or more

In Ehese cases, Pl r.r.; was almost less than 1 and
did not give maximum nor minimum,

In other words, aniline behaved as an inhibitor for the

activated sludge aerated without feeding for a period,

The relation of ¥Feres Fe Ty With rur.g for the activated

sludge whose state changed continuousl\y

In order to Ffind the relation of r.ri rs, Wwith respi-

ration activity of the activated sludge,; I'iTiuy / Dul v Was
- L

measured for the activation sludge whose respiration rate

changed continuously, The experimental procedure was as

follows. The activated sludge solutions (about 10 L.)




which had been cultured with continuous feeding of corn
steep liquor was taken from the culture vessel. Then, the
solution was aerated without feeding the substrates for a
day or more until the respiration rate became low enough.
After the respiration mode of activated sludge was evident
to be endogenous, the corn steep luquor of an amount was
added.

The change in pH wic¢h time after the addition of CSL is
given in the Figures 43Y-1 (Y = 10 and 12),

After pH attain~sd a minimum value, it was recovered again,
Figures 4SY-2 (Y = 10, 11, 12) exhibit the change of
respiration rate before addition of aniline (r.r.]) with
time. It decreased monotonously and attained a steady
value.

The effect of aniline was investigated for the activated
sludge after the addition of corn steep liquor. The
activated sludges were taken at various time after the
addition of corn steep liquor and were subject to the
experiments of addition of aniline, The amounts o aniline
added to the activated sludges were 1.06 200, and 316
g,/g MLSS for the experiments 4310-X, 4311 and 4312-=X,

respectivel v,

Figures 43Y-73 X ) 11, and 12 ) give the change of
S { 3 Ji £

r.r.2 r.r.] with time after the addition corn steep liquor.




The definite tendency was not observed. In Figures 43Y-4

(¥ = 10y Ay and: 120 r.r.2 r.r.l is plotted against r.r.l.

When the loading rate of aniline was low (experiment

4S10-X), the definite tendency such as Cele,p/Teleq decreased
1

did not appear for the high loading rate of aniline

(experiments 4S11-X and 4S12-X).

This relation indicated that aniline inhibited the respi--

ration activity when it was high while aniline stimulated

il the respiration activity when it was low, Further more,
it would be suggested that aniline acted as a substrate
RN when another substrate was short while it acted a:Z an
inhibitor when another substrate existed enough.

4.3.3. Response of over loaded activated sludge to the addition

of aniline

¥ A relatively large amount of corn steep liquo.r was feeded
to the acctivated sluilge system., I'he activated sludge thus
cultured was taken and aerated without feeding.
Accordingly, the experiment 43513-X was done.,

pPH increased monotoneously and r.r.; decreased in the same

manner as appearing in Figures 4313-1 and 4313-2, The
experiment of addition of aniline was done for the acti-

vated sludges under various conditions during aeration

without feeding.

with increase in r.r., was obtained. However, this tendency

.-

-



> Gl ofic /r.r.l against time after the release from over-

2 /
loaded cultivation was plotted in Figure 4S13-3. The plot
of r.r.,/r.r.; against r.r.; was also examined in Figure 4s13-4,

Both figures did not present any a definite relation

except that r.r., r.r.l< S

Discussions

1) The activated sludges cultured continuously would be
similar to the actual plant of biclogical waste water
treatment.,
For the activated sludge of this kind, aniline could be a
substrates if the aniline concentration and biological

phase are appropriate because r.r.p/r.r.; exceeded unity

The activated sludge cultured under over-
loaded conditions could never be activated by aniline,
When the concentration of aniline is excessively high,
aniline acts as an inhibitor,

A comparison between biological phase and the value of

/ .
F.XTw /[ TesLs}y Was carried out.

In Table 4.7, the value of r.r. r.r. was compared

with the existence or absence of vorticella through

whole experiments, In the activated sludge where




vo.,ticella was found r.r.z/r.r.l eaxceeded unity at some

concentration of aniline and vice versa.

Conclusion

1) Aniline could act both as a substrate and as an inhibitor
in the activated sludge.

2) In the activated sludge cultured continuously under
appropriate conditions, aniline behave like a substrate
in some concentration range i.e. approximately 1 = 2
g/8(MLSS ) .

3) In the activated sludge cultured under over-loaded
conditions, aniline always inhibited the respiration
activity.

4 ) When the concentration of aniline was not very high,
r.r.p/r.r.; was corelated with r.r.;. In the case
where r.r.; was low r.r.p/r.r.; exceeded unity and
acted as a subcrtrate, and vice versa.

5) The biological phase was found to be clesely related
to the effect of aniline, In the activated sludge in

which vorticella was found aniline could be a substrate.

Useful Informations and Suggestions Abstructed
1) Aniline could not be harmful to the activated sludge of
waste water treatment plant for dcmestic use when the

dilution of aniline is appropriate.




If the activated sludge system is acclimated properly,

the biological treatment of aniline seems to be possibie.
The possibility of the biological treatment of aniline

can be determined from the biological phase.




TABLE 4 .|

PEPENDENCE OF RESPIRATION ACTIVITY ON
BIOLOGICAL FHASE (VORTICELLA)

NARS NGTT /
EXFERIMENT  yorTicELLA ( -D‘-R-Z)
NUMSE R R R.q Jmax

4B9-% NOT FOUND | <
48 2% FOUND =51
45S3-x FOUND =1
454-X =OUND

455-X FOUND

458 - X FOUND

487-X FOUND

458 -x NOT FOUND

459 -X NOT FOUND

4510 -x FOUND

481 (-x NCT FOuND

4512=% NOT EOUND

48513-X NOT FOUND

* A few -exceptions {or very Qow cencent vation
of 2 tine.
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DATE 10/23

AERATION TANK No. | LOADING CONDITION

—— e

TEMPERATURE
T

- - - -+ - . - —— — ————

DISSOLVED OXYGEN CON- OX1DATION — REDUCTION
CENTRATION  (mg/( ) POTENTIAL (mv)
DO ORP
MIXED LIQUOR SUSPENDED =
SOLID CONCENTRATION DNRLAERE: LD G
CODin

(mg,1) MLSS

pH

SPECIFIC VOLUME EFFLUENT COD (mgyl)
SV3g " COD gt

REMOvVAL EFFICIENCY

SLUDGE VOLUME INDEX
OF COD ( )

(ml/ gMLSS) SvVi

[

INFLUENT WATER FLOW FOOD : MI CROORGA NI SM

RATE | /da RATIO F/ M
s (9007 IMLS S day )

HYDRAULIC DETENTION

s RESPI N RATE
TIME ( hrl) AP0

(Mg o/ hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

peis 1o Te




TABLE 451-1

SFFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM (CONTINUOUS FEEDING)

Concentration th?_‘di _ ge% '_ r.r
o Aniline Wi | | AR rr
mgd, mgO .

. - = 1 1
gAnlnr% < Frgiss h'QALSS no dimension

ppm

2.0Q
2 .1
.71
.93
1.6 |
l.o"7
0.803

.50
2.90

=P eHSOnD D
> 013 U1 A
\Q"’—"——'r\)

O LN WA
¢ ep=] B =

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING

- 164 =
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DATE 10/ 2y

AERATION TANK  No. LOADING CONDITION

—— — -

TEMPERATURE (°C ) :
T : _DH

DISSOLVED OXYGEN CON- OXIDATIO — REDUCTION

CENTRATION (mg/( ) POTENTIAL (mvV)
DO ORP

MIXED LIQUOR SUSPENDED '
SOLID CONCENTRATION |~ INFLUENT COD(mgy|)

(may/l) MESS

SPECIFIC VOLUME : EFFLUENT COD (mgyl)
SVag e COD et

REMOVAL EFFICIENCY

SLUDGE VOLUME iNDEX
OF COD ( )

(ml/ gMLSS) SvI

INFLUENT WATER FLOW ; FOOD ; MI CROORGANISM

ATE | /da <] RATIO F/'M
i : y ) (9COD/ GMLSS-day)

HYDRAULIC
I DETE_NTlON ; RESPIRATION RATE
TIME ( hr1) 1
(mg o,/ hr gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

122 .a ~aS Touna.

~




TABLE 4S52-|

SEFFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED

SLUDGE SYSTEM _ = (CONTINUOUS FEEDING

Cmcentrcxtum Lot?_‘ A
i wi vczted r.r} L RAC

g‘ﬁ% TrgMSS

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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No.

(¢ 3

AERATION TANK

TEMPERATURE
i3

DISSOLVED OXYGEN CON-
CENTRATION  (mg;/ )

DO

LOADING COND!TION

pH

OXIDATION — REDUCTION
POTENTIAL  ( mV)
ORFP

MIXED LIQUOR SUSPENbED
SOLID CONCENTRATION

(mgy1) MLSS

INFLUENT COD(mg;)

SPECIFIC VOLUME
SVi3q

EFFLUENT COD (mgyi)

SLUDGE VOLUME INDEX
(ml/ gMLSS) SV

REMOVAL EFFICIENCY
OF COD (% )

INFLUENT WATER FLOW
RATE ( l/ddy )

FOOD § MI CROORGANISM

RATIO F/'M
(9COD/ gMLS S day )

HYDRAULIC DETENTION
TIME ( hel)

9.8

RESPIRATION RATE
(mgoy/ hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

Varzsicells was Toung.




TABLE 4S3-|

EFFECT OF ANLINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM ~ " :(CONTINUOUS FEEDING)

Concentration Loadci;»? rate r.ry
wvated TI.C r.ra I. 1.2

o Aniline gmwe
ppl n y Pl a no d .
gAnlExr% h’gNLSS rrg\dLSS Imension

1060
2040
4060
2040
2040
4060
20506
20850
4060
3050
3050
4060
2040
3050
1020
({020

| 57
0.79 |
b
0.79 |
0.79 |
(.57
.18
1.\ 8
(.57
.18
.13
L
0.7Q4 |
118
0.345
0.39535

525
5.13
4.65
3.95
4.10
2.0 3
5.45
4.383
4.43
3.95
4. 33
4.43
3.50
2.43
3.40
3.40

Laods B8

4.65
B.63

. 4.43

330
2.19
C T
oal3
4.4%
253
3 15
3.65
3.58

2. 88

3.58
247
2.09
.83

.89
0. 75
0.45
0.t4
0.53
I+ 0D
0.04
0.92
0.84
0.7Q
0.85
0.20
0.83
i B
0.73 -
0.6
D /4.

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER

i NG
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DATE 10/30

AERATION TANK No.

LOADING CONDITION

TEMFPERATURE (°C )
T

DISSL . "L “XYGEN CON-
CENTRAI ON  (mg/{ )
10

| —— e —— —

pH

OXIDATION — REDUCTICN
POTENTIAL  (mV)
ORP

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION

(mg/1) MtSS

INFLUENT COD(mg/j)
CODin

SPECIFIC VOLUME
455

EFFLUENT COD

(mg/1)

SLUDGE VOLUME INDEX
(ml/ gMLSS) SVI

REMOVAL EFFICIENCY
OF COD ( % )

INFLUENT "WATER FLOW
RATE (1 /day )

FOOD  MICRCORGAN!SM

RATIO F/ M
(9COD/ gMLSS-day )

HYDRAJLIC DETENTION
TIME ( hrl)

b————— e e

2

RESPIRATION RATE

(Mg o/ hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

\orticella was Tound.




TABLE 454 -1

EFFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM (CONTINUOUS FEEDING)

Concentration Lptc}l‘dc'g? \crrutte% ' r.ry
of Aniline wi i r.c r.ra T T
l "’gﬁz ' 'Tw 2

ppm Sludge a di :

4c60 .36 Q.55 .55 :
£080 2.04 .55 .85 .04
2040 0.684 8.4F% §.45 .00
820 0.275 7.65 6.03 0.79
5070 1.0 “4E Q.pb I 14
3250 [.09 7.15 8.05 13
$0%0 .71 T25 4.83 0.67
410 @ 0.137 6.63 5.53 0.8 3
410 - 0.137 7.95 7.05 0.259
S | 0.027| 7.45 6.63 0.89
[620 0.544 7.25 £.53 0.90
" 200 S0.0670 7.45 5.03 0.5
foJe) . 0.0355 7.25 6.03  0.83
410 0.137 765 6.63  0.87

—

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE (/2

AERATION TANK No. [V LOADING CONDITION

———

TEMPERATURE (% )| -
. pH
i

— o —— .

DISSOLVED OXYGEN CON- OXIDATION — REDUCTION

CENTRATION  (mg| ) POTENTIAL  ( mV )
DO ORP

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION INFLUENT COD(mgy()

(mg/1) MtSS

SPECIFIC VOLUME EFFLUENT COD (mgy/l)

REMOvAL EFFICIENCY

SLUDGE VOLUME INDEX
OF COD (%6 )

(ml/ gMLSS) SV

INFLUENT WATER FLOW FFOOD ; MICROORGANISM

-
ATE { Fda 245 | RATIO F/'M
: ( v ) (9COD/ GMLSS-day )

HYDRAULIC !
i DETE_\JTION RESPIRATION RATE
TIME ( hrl) 9.6
| (mg o/ hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

Vorticella was Ttound.




TABLE 4S5 -

SFFECT OF ANILIE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTFM -~ . (CONTINUOUS FEEDING)

Concentration Lq:t?\di | Eté
d ili Wi IVCL I..L
Aniline 4 5

gAn "%vus-ﬁ____ LSS

ppm

4060 .36,
1O 3.34.x1073
2040 0.682
= - LR
5070 [. 69
> 6.65x107%
soqo . 2.70
5050 2.03
50 0.0170
12100 4.04

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE (0/24

AERATION TANK No. 1 LOADING CONDITION

| — RS KN e

TEMPERATURE (C )
T

pH

DISSOLVED OXYGEN CON- OX1DATION — REDUCTION
CENTRATION  {mg/( ) POTENTIAL  ( mV )
DO ORP

i o ——

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION - INFLUENT COD(mg,)

(mgy1) MLESS

SPECIFIC VOLUME EFFLUENT COD (mgy1)
Sv30 COD eff

REMOVAL EFFICIENCY

SLUDGE VOLUME |INDEX
OF COD ( % )

(ml/ giMLSS) SVI

INFLUENT WATER FLOW FOOD ; MICROORGANISM

RATE | /da RATIO F/ M
‘ ( v ) (3COD7 IMLSS-day)

e

HYDRAULIC DETENTION
TIME ( hrl)

RESPIRATION RATE
(Mg o/ hr gMLSS)

MICROSCOPIC OBSERVATIOCN & COMMENT

foreiveelld wae ToUdg,




TABLE 456~ |

SEFECT OF ANILINE ON RESPIRATICN RATE OF ACTIVATED
SLUDGE SYSTEM (CONTINUOUS FEEDING)

Concentration Load (anng rate r.ry
)

of Aniline W'th
ppMm

wiated ¢ k. 1.3 kB
ma0, mgO 2

2

Zlo 0.363 242
1620 0. T2} |62
2430 [.0Q .45
5060 262 R
40590 |52 Vo BE
Dol .45 ! Q4

5 2.90 .24

—

o oh = TR
nbhbrodbNnN—
b B BN

RESCIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE l0/25

AERATION TANK No.

Pr— e

TEMPERATURE ()
T

DISSOLVED OXYGEN CON-
CENTRATION  (mg; )
DO

LOADING CONDITION

pH

OX1DATION — REDUCTION
POTENTIAL (mv)
ORP

SOLID CONCENTRATION
(mgy/1) MESS

MIXED LIQUOR SUSPENDED

INFLUENT COD(mg))

SPECIFIC VOLUME
SV3g

EFFLUENT COD (mg/1)
COD off

SLUDGE VOLUME INDEX
(ml/ gMLSS) SVl

REMOVAL EFFICIENCY
OF COD { % )

INFLUENT ‘WATER FLOW
RATE (| /day )

FOOD ; MICROORGANISM

RATIO F/ M
(9COD/ IMLSS-day)

HYDRAULIC DETENTION
TIME ( hr1)

RESPIRATION RATE
(Mg o,/ hr- gMLSS)

b

MICROSCOPIC OBSERVATION & COMMENT




TABLE 4S7-|

=FFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED

SLUDGE SYSTEM . . (CONTINUOS FEEDING)
gmcentratim &o&d&tﬂ @”cteeé - £ I

ili 1 ! & r. r.

e Sluce oty gy, "2
Anlne les TrgMSS ' rgdss MO dimensin

40606 1.5 2.477 | . 84 0 74,
2040  0.978 .50  0.633 042
[220 58S .2 0.460 0.3%3
S0Q0 3.88 0.5%5 GCLEZES .10
6080 2.0 | 0.575 0.74% b 30
5070 P l,0Q P [.16
5680 2.72 0.420 .61 .75
5890 3.30 0.Q78 V.21 .24
3250 .56 0. 745 0.563 115

£20 0.383 0.460 0.173  0.38
4470 2. 14 .32 | a7 0.a8

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER

LOADING
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DATE 10/3]

AERATION TANK  No.

P—— -

TEMPERATURE ()
T

DISSOLVED OXYGEN CON-
CENTRATION  (mg{ )
DO

LOADING CONDITION

Ni“.ff,?
feeding

pH

OX1DATION — REDUCTION
POTENTIAL (mV)
ORP

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION

(mg/1) MLSS

INFLUENT COD(mg,)
CODin

SPECIFIC VOLUME
SV3q

EFFLUENT COD (mgy1)
CODe"

SLUDGE VGLUME [INDEX
(ml/gMLSS) SVl

REMOVAL EFFICIENCY
OF €OD ( %)

INFLUENT WATER FLOW
RATE (1! /ddy )

00D ; MICROORGANISM

RATIO F/I'M
(9COD/ gMLSS-day)

HYDRAULIC DETENTION
TIME ( hr 1)

RESPIRATION RATE
(mg oy, hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

Vorticelld

was not found,




TABLE 45 8- |

SFFECT OF ANILINE ON RESPIRATION RATE OF ACT|VATED
SLUDGE SYSTEM _ . (END@TENOUS)

oncentration thcr:\d' ] rate r.ry
o Anili Wi vated .c o, It BB T
Aniline Sk 5 &

) i a s ;

ppm

4060 270 4.185 2-30 0.55
2040 .86 2.53 | o5z
1020 0043 | 2.08 .32 S
200 0.182 0©0.985 0.548 (.56
[00 00912 1.%5 [. 1D 0.63
51 0.0465  |.10 .42 |. 30
20 o.ol82 o875 |.2) [ 33
1O Qq.lzxip? 0.54%8 .10 .00
<t 3.65xm03 ). 2] i@ | D0

2 1.&2xiw’ 0985  0a85  1.oo

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE |1/3
Without,
AERATION TANK No. I LOADING CONDITION Eemef o
TEMPERATURE  (°C )
pH
i
DISSOLVED OXYGEN CON- OXIDATION — REDUCTION
CENTRATION  (mg/ ) POTENTIAL  (mV)
DO ORP
MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION | 1 (g4 | [N UENT COB(ma/ 1

(mgy1) MLSS

CODin

SPECIFIC VOLUME
SV3g

EFFLUENT COD (may1)

SLUDGE VOLUME [INDEX
(m!/ gMLSS) SV

| REMOVAL EFFICIENCY
OF C€OD (%% )

INFLUENT "WATER FLOW
RATE ( I /day )

FOOD ¢ M| CROORGA NI SM

RATIO F/' M
(8COD/ gMLSS-day )

HYDRAULIC DETENTION
TIME ( hrl)

RESPIRATION RATE

(mg o,/ hr- gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

Wl T ||
ortycalld

was nhot found.

- 187 =




TABLE 459-|

SFFECT OF ANLINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM - 2 (END@ENOUS)

Concentration Loadi
of Aniline with
ppm

r.rg
r. .o

-@—&LS_S_ no dimension

3%

ol 8

0.59
O&e

=B
.26

> .7
3.02

b T
0.16%

2040
200

200
B2
%

200

0.168
0.0637
0.0687
0.168

.63 .
V26

.26

5
&

0879
.26 s

£t
26

0.92
8.'75
.00
L0 0

RESPIRATION RATE BEFORE LOADING

RESPIRATION

RATE AFTER

LOADING
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(ml/ gMLSS) SvVI

/
DATE 10/21
AERATION TANK No. I LOADING CONDITION Batch
MPERATU :
TE RE (°C) oH 245 |
T
DISSALVED OXYGEN CON- OX1DATION — REDUCTICN
CENTRATION  (mg/| ) POTENTIAL  (mV)
DO ORP
MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION | 5159 e Sy
(mg/i1) MLSS CODin
SPECIFIC VOLUME a5 EFFLUENT (OD (mgy1)
SV |
30 CODett
SLUDGE VOLUME |NDEX ‘ REMOVAL EFFICIENCY
716.3 | OF €OD ( % )

INFLUENT ‘WATER FLOW
RATE (1 /day )

00D ; MICROORGANISM

RATIO F/ M
(9COD/ gMLSS-day)

HYDRAULIC DETENTION
TIME ( hrl1)

RESPIRATION RATE
(Mg oy, hr-gMLSS)

MICROSCOPIC OBSERVATION & COMMENT

Vorticelld

was Tound.




TABLE 4510-!

cFFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM (BATCH FEEDING)

_ r.ry
TIME { rE "T. g T
i m0, mg0 2

min VIS h'gNLzSS ne dimension

e 187 229 .23
2 | b2 T AT =8
2 443 4183  0.93
A ~ 2. 50 246 .45
30 2.00 3.0 « B

60 .63 2.19 .30
79 .55 243 .56
=¥ ) 2.5 [ 21
[+80 2.4 [ I
|60 150 .36

el « S5

|

45 2.50 367 . 4&
I
l

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE |1/
AERATION TANK No. I LOADING CONDITION Batzn
— N
TEMPERATURE (°C )
pH
i
DISSOLVED OXYGEN CON- OXIDATION — REDUCTION
CENTRATION  (mg/| ) POTENTIAL (mvV)
__ DO ORP
w0 MIXED LIQUOR SUSPENDED T
‘o SOLD (ONCENTRATION | 1 g | 1N HUENT COD(ma 0
(mg/1) MtSS CODin
SPECIFIC VOLUME EFFLUENT COD (mgy1)
SV3Q CODeff
fr
‘ SLUDGE VOLUME | NDEX REMOVAL EFFICIENCY
o)
i (mi/ gMLSS) SVl OF €Ob (% )
INFLUENT WATER FLOW FLUOD : MICROORGANISM
RATE | /da RATIO F/ M
( y ) (9COD/ GMLSS-day)
HYDRAULIC DETENTION
v Chrel) RESPIRATION RATE

(Mg 6/ hr gMLSS?)

MICROSCOPIC OBSERVATION & COMMENT

N —— )

Yorgicella was ot fou.nd.




TRABLE &.54 | =12
SFFECT OF ANLINE ON RESPIRATION RATE OF ACTIVATED

_ SLUDGE SYSTEM (BATCH FEEDING)
o L0y
L r.r.2 b F

TR . mad, g0, . J
min -—_l’rgMLSS r_TE\T—LS—S- no dirmension

. 4.67 e 0.56

\ L 123 5.60 0.45

5 4 |76 0.43
g .77 6.5%7 D25
40 (.47 [. 47 .00

b By weowes RESPIRATION RATE BEFORE LOADING

g e RESPIRATION RATE AFTER  LOADING

.
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DATE 11/

AERATION TANK No.

LOADING CONDITION

— e —

TEMPERATURE (°C )
T

DISSOLVED OXYGEN CON-
CENTRATION (mg)| )
DO

pH

OXI1DATION — REDUCTION
POTENTIAL (mV)
ORP

MIXED LIQUOR SUSPENDED
SOUD CONCENTRATION

(mg/1) MLESS

INFLUENT COD(mg;)

SPECIFIC VOLUME
>V30

EFFLUENT COD (mg,1)
coO Deff

SLUDGE VOLUME |INDEX
(ml/ gMLSS) SvlI

REMOvAL EFFICIENCY
OF COD ( %% )

INELJUENT WATER FLOW
RATE ( 1 /day )

FFOOD ; MICROORGANI SM

RATIO F/'M
(9COD/ gMLS S-day)

HYDRAULIC DETENTION
TIME ( he1)

RESPIRATION RATE
(mgoy/ hr-gMLSS?)

MICROSCOPIC OBSERVATION & COMMENT
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TABLE 4512 -

SFFECT OF ANILINE ON RESPIRATION RATE OF ACTIVATED
SLUDGE SYSTEM -(BATCH FEEDING)

——————— e
—————

r.ry

By 5 ° “FEr
TIME pH 0, g - 2 v
min ‘h'gMLSS mens

s 720 '

2 7.29 e g

| 2 6.8  2I1.0 7.5
| 5 6.35
20 6.20 177.Q 12.
3 6.13 2.0 (1.4
60 5.42 \77.Q 0.9
8t 662 13.5 .32
113 6.72 13,5 3.49
) 54 6.80 Q.32 3.03
138 6.84 3.06 303
225 6.88 210 - 0649
246 6.88 tE2 .86

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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DATE || /5

AERATION TANK  No.

—— PR

TEMPERATURE (°C )
¥

DISSOLVED OXYGEN CON-
CENTRATION  (mgy( )
DO

LOADING CONDITION

pH

OX1DATION — REDUCTION
POTENTIAL  (mV)
ORP

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION

(rmgy/1) MESS

INFLUENT COD(mg/()
CODin

SPECIFIC VOLUME
SV3g

EFFLUENT COD (mg/1)

SLUDGE VOLUME |INDEX
(ml/ gMLSS) SvVvI

REMOVAL EFFICIENCY
OF COD (6 )

INFLUENT "WATER FLOW
RATE { | /day )

FOOD ; MICROORGANISM

“RATIO F/'M
(9COD/ GMLS S-day )

HYDRAULIC DETENTION
TIME ( hel)

RESPIRATION RATE

( mgoy/ hr-gMLSS?)

MICROSCOPIC OBSERVATION & COMMENT

—ouna.




TABLE 4513 = |

SFFECT OF ANILINE ON RESPIRATION RATE_OF ACTIVATED
SLUDGE SYSTEM -  (BATCH FEEDING)

TIME . r.ry

H r.c 79 L
P "gj: mgO, .2 .
hra . Frgiss No dimension

€ Bl 18.4 6.2  0.88
475 |&. 4 5.8 0.86
5o 15.3 4. | 0.92
5.30

5.49 4.4 (3.5 p.04
5.9 3.5 12. 3 0.9 |
6.00

Gl | i
6.20 |I.
&.3D o
6 .50 6.

R Qa8 082

&08 .73
® 614  0.7a
2 422 0.6s

RESPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING
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The Effect of Waste Water Containing Hydrolyzed Tolylene

diisocyanate on Activated Sludge

Introduction

Tolylene diisocyanate (TDI) is fairly reactive with water
to produce variety of amines and polyureas as described

in the preceding chapter. Thus, the vapor of tolylene
diisocyanate can be absorbed with water. The waste water may
include the various reaction products along with unreacted
TDPI,which may become a cause of secondary pollution.

The waste water which has absorbed TDI might be introduced
into the biological waste water treatment plant.

Thus, in this chapter the effect of reaction products

which came from the hydrolysis of TDI on the activated
sludge was investigated.

The effect was evaluated by measuring the respiration

rates of activated sludge ~efore and after the addition

of sample solution in the same manner as Chapter 4.

The theoretical base of this evaluation was that the waste
water treatment by activated sludge was the aerombic
reaction. In other words, the main reaction was the

consumption of oxygen. Thus, the rate of consuming oxygen

would be a measure of the activity of the biological

system.




5.3

Experimental

The sample solutio; for the examination was prepared as
tfollows .,

Tolylene diisocyanate of 2 vol. % was well mixed with
water and was kept at room temperature for some period.
White suspended matter was formed through the reaction
and was precipitated. The solution with suspension was
stored to complete the hydrolysis of TDI. The solution
thus prepared was well stirred and then used as a samplc.
The preparation of activated sludge and the measurement
of the respiration rate were exactly same as those in
Chapter 4. They should be referred if necessary.

In this chapter, the apparent concentration of TDI was
used i.e. the concentration of TDI meant the quotient of
the weight of TDI added by the weight of a material under

consideration and the hydrolysis reaction was left out of

account.

Results

5.3.0 The number of tables and figures

In this chapter, a few experimental data are shown as a
set exactly same as in Chapter 4,
Accordingly, the special numbering way was employed.

The independent tables and figures were numbered in the

same way as preceding chapters.




A set of tables and figures were given in the following

principle.

Number of chapter

Set number of experiment

Number of table and figure in
the set of experiment

Tables for X = 0 such as 5S5-0, 55S8~0, offer the data on
the activated sludge used for the set of experiments.,

The data for tank I was not included in this report.

The precise data on the culture can be obtained in Chapter
2 in this report if needed.

5.3.1 - Effect of hydrolyzed TDI on the activated sludges

cultured under various conditions

The respiration rate of the activated sludge obtained
under continuous culture changed when hydrolyzed TDI was
given as shown in Figures 5SY-1 (X 1 =7

The x-axis means the apparent lcvading rate, i.e., the
quotient of added TDI (g) by MLSS (g) though the solution
containing the products of hydrolyzed TDI was given

actually.

As seen in these figures r.r.q/r.r.l was almost proportion-
—~

al to the apparent loading rate.




When the slope was positive, the hydrolyzed TDI solution
seemed to be a substrate and vice versa.

The hydrnlyzed TDI could be both substrate and inhibitor
depending on the conditions of culture.

Figure 5S8-1 shows the change in respiration rate of the
activated sludge cultured without feeding CSL.

In this case, the respiration rate slightly changed with
addition of hydrolyzed TDI.

5.3.2 The effect of the time of TDI hydrolysis

The changes in the respiration rate of the same activated
sludges for the solutions of different hydrolysis time

are given in Figures 5S6-1 and 5S6-2,

Ihe solution immediately after the mixing of TDI and water
inhibited the respiration, while after two days aging the
solution accelerated the respiration.

However, this tencency was not always obvious for the
different activated sludge as shown in Fig. 5S7-1.

Thus, the more precise experiment would be needed to

clarify the effect of hydrolysis.

5.3.3 The relation of r.r.2/r.r.j with r.r.j for the activated

sludge whose state changed continuously

The activated sludge was aerated without the substrate

for a day or more




until the respiration rate became low enough. After the

respiration mode attained endogenous condicion, the corn

steep liquor was added.

The change in pH and respiration rate with time after the
addition of corn steep liquor are given in Figures 5SX-1

and 58X-2 (X =9, 10, and 11), respectively.

When the loading rate of Lydrolyzed TDI was as low as

0.0440 (g/g MLSS) r.r.s/r.r.] was a slightly larger than

unity as seen in Figure 5S9-3 and it was not affected

by r.r.; (Figure 5S9-4).

In the case of loading rate 0.661 (g/g MLSS), the value of

r.r.2/r.r.1; was between 0.9 and 1.1 (Figure 5S10-3).

r.r.2/r.r.1 was related with r.r.; as shown in Figure

5510-4 .

When the loading of hydrolyzed TDI was so high as 1.45 (g/g

MLSS ), psr.2/r.r.]1 Btéayed at 0.3 to 0.6 (Figure 5811=3).

The corelation between r.r.2/r.r.; and r.r.; was not found

(Figure 5S11-4).

The experiments of 5S9-X, 5510-X, and 5S11-X showed that

(1) the very diluted solution of hydrolyzed TDI did not
give the effect on the activated sludge system.

(2) the solution of high concentration inhibited the

accivity of the activated sludge.




5.30‘\

5.4

Response of over loaded activated sludge to the addition

of hvdrolyzed TDI

The activated sludge cultured under a relatively high load-
ing condition.

The response of the respiration rate to tne addition of
hydrolyzed TDI is plotted in Figure 5815~1. The plot in
this figure was obtained from the two different activated
sludges shown in [fables 5S12-0 and 5S13-0.

This plot indicated that the respiration activity was

accelerated for the low loading of hydrolyzed TDI and

vice versa.

Discussions

1) As appearing in 5SY-1 (Y =1 to 7), r.r.a/r.r.; was
proportional to the loading rate of TDI (= added TDI/
MLSS) for the activated sludge of continuous culture.
Thus, the proportionality constant, i.e. the slope of

line would be ar index of the effect given by

hydrolyzed TDI.
Corelations of the slope with MLSS, pH, anu respiration
rate of the activated sludge used were not found.
Also, the slope was independent of the biological phase.
However, the slope was found to be cloself related to

SVI and COD of effluent of the activated sludge used.




This slope (S) wa:s given as

added TDI (g))
MLSS (g)

The relation of S with SVI and COD of effluent is
presented in Table 5.1.

The plots of S against SVI and COD of effluent appear

in Figures 5.1 and 5.2, respectively.

These relations indicate that activated sludge system
maintaining the low SVI and iow COD of effluent is
favourable to the treatment of hydrolyzed TDI.

The hydrolysis time of TDI did not seem to give the
definite difference in the response of activated sludge.
It was surmised that TDI reacted with water very rapidly
and the composition of products did not change much.
This estimation was consistent with that obtained in

the preceding chapter.

The activated sludge under endogenous conditions was

not reactive to the khydrolyzed TDI, while the over-
loaded activated siudge was reactive. ASs long as the
loading of TDI was not intense, over-loaded activated

sludge could treat hydrolyzed TDI.

55 Conclusion

1) r.r.q/r.r.l was found to be proportional to the loading




rate of TDI for the activated sludge of cor '.iuous
cul ture.

2) The proportionality constant (S) of the above relation
was found to be the functions of SVI and also COD of
effluent. S increased as SVI and COD of effluent
became smaller.

3) The hydrolysis reaction of TDI was estimated to proceed
fairly fast.

4) The activated sludge under endogenous conditions was
not sensitive to the hydrolyzed TDI, while that under
over-loaded conditions responded to it.

5) The value of slope S could be negative or positive
depending upon the condition of activated sludge.
Thus, the biological treatment of the waste water
containing the products of hydrolyzed TDI would be
possible if the appropriate activated sludge was used.
The acclimation of activated sludge with hydrolyzed

TDI could also be expected.

5.6 Useful Informations and Suggestions
1) Judging from the results of 5SY-X (Y =1 to 7), the

diluted waste water containing hydrolyzed TDI would

give slight effect on the activated sludge system under

the usual conditions.




2) SVI and COD of effluent would be important parameters
to control the activated sludge plant which treat the

waste water containing hydrolyzed TDI.
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pH A= G S

M gOyhr GMLSS m gy/ir gMLSS
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' [r___ F
EXERSS |
AERATION TANK No. V4 LOADING CONDITION |oodx‘m’
TEMPERATURE (C ) . 4 60!
T d e
DISSOLVED OXYGEN CON- OX!DATION — REDUCTICN |
CENTRATION (mg/|) POTENTIAL  (mV) |
DO ORP |
i
MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION | 253¢ CRFLERNT Cobergyr) |
(mg/1)  MLSS CODin
SPECIFIC VOLUME 5= ¢ | EFFLUENT COD (mg/1)
SV3p T COD e
SLUDGE VOLUME INDEX | . REMOVAL EFFICIENCY
92.7 | oF coD

(ml/ gMLSS) SvI

(6 )

INFLUENT 'WATER FLOW
RATE (1 /day )

g

FOOD ;s MI CROURGANISM

RATIO F/ M
(9COD/ gMLSS day)

HYDRAULIC DETENTION
TIME ( hel)

RESFIRATION RATE
(mg o/ hr-gMLSS?)

!

MICROSCOPIC OBSERVATION & COMMENT
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TABLE = RESPONSE OF RESPIRATION RATE TO ADDITION OF
5S12-] HYDROYZED TDI ( EXCESS SUBSTRATE FEEDING)

ADDED TDI ADDED TOI
SWTION WEIGHT ~ MLSS

ppm gTDI/GM' SS MgOyhy gM.S5 mgOy/fr gML 5S

FE, ° 2BE

490  0.185 9. 7.97 0.
Coilo S 7.74 0.
l
s
|

240 0.0G\ | 6.53

0.05049 7.9

49 0.0 186 7.24 0'/

RCSPIRATION RATE BEFORE LOADING

RESPIRATION RATE AFTER LOADING

The above values were plotted in Fig 5813~




FEIEETR

DATE 1/
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- 255 pH

—_ —— - - — o — - —
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SOUD CONCENTRATION INFLUENT COD(mg,|)

(mg/1)  MLSS CODin

SPECIFIC VOLUME EFFLUENT COD (mgy1)
SV3O CODeff

SLUDGE VOLUME | NDEX REMOVAL EFFICIENCY
(ml/ gMLSS) SV OF COD ( *% )

INFLUENT WATER FLOW FFOOD ; MICROORGAN| SM

ATE | /da RATIO F/ M
" : Y ) (9COD/ gMLS S day )
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HYDRAULIC DETENTION

ESPIRATION RATE
HHE Che) RESPIRATION RA

(Mg o/ hr-gMLSS)
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TABLE RESPONSE OF RESPIRATION RATE TO ADDITION OF
5Si13-1 HYDROWYZED TDI ( EXCESS SUBSTRATE FEEDING)

ADDED TDI ADDED TDI . Fra
SWTION WEIGHT ~ MLSS
ppm gTDI/GMLSS MgOyr gM.S5 mgOyfr gMLSS

rr rr
k . F Eq

|50 0.0Lé6d
240 0. 50903
340 .l
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RESPIRATION RATE AFTER LOADING
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TABLE 5.1

CORRELATION OF DEPENDENCY OF RESPIRATION
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g . _(r r ratio)
-( Loading rate of SVI Effluent COD

hydrolyzed TDI ) PPM
QMLSS.l
gTD
-l
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0

0
1.1
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The Response of Activated Sludge to Triethylene Diamine

Introduction

Triethylene diamine is soluble< into water. .
If it is mixed in the TDI vapour, it would be absorbed

with water in a scrubber as well as TDI. Thus, the impact

of its solution upon aqua=-ecosystem should be investigated.

This chap*er described the etfect of triethylene diamine

(TED; on the activated sludge. The biological activity

was evaluated by measuring the respiration rate in the

same manner as before.

Experimental

The experimental procedure was approximately Same aS that
in Chapte- 4. The activated sludge of 200 - 250 ml was
taken from the culture vessel and used as a sample.

The temperature of the experimental vessel was kept

1°¢ .

2.5 =k
The activated sludge was aerated at first to elevate DO
up to about 7 mg/lL, and then it was insulated suddenly
from the air. The respiration rate was measured from the
slope of decaying curve. During the course of decaying
DO, an amount of TED solution was added.

The respiration rates before and after the addition were

measured,




The respiration rate before the addition was denoted with

r.r.] and that after the addition with r.r.2.

The solutions added contained triethylene diamine of 8.52,

9.85, and 15.2%. The volume of solution added did not

ev.ceed 10 ml.

6.3 Results

6.3.0 The number of tables and figures

A few kinds of experiments were conducted by using the
activated sludge under the same conditions.
Accordingly, the numbers of table and figure were given

as

a Set as shown below.

SY = X

6
il

— Number of chapter

Set number for experiment

Number of table or figure in
the set

This expression was same as given in the preceding chapters.,
The tables for X = 0 such as 6S2-0 and 635-0 include the
biological data.

6.3.1 Change in respiration rate with addition of TED

The activated sludge was cultured in the different wayvs.
The experiments of 6351-X, 632-X, and 633-X were done for

the activated sludges of continuous cultvu: =,

N

=1

Ut
I




The figures of 635Y-1 (Y =1, 2, and 3) give the plots

between r.r.,/r.r.. and loading rate of TED.

3
The loading rate was calculated by dividing the amount of
added TED Ly MLSS of activated sludge.

In figures of 65Y-2 (Y = 1, 2, and 3) r.v: [¥.T+ was

plotted against the logarithm of loading rate,.

The maximum was cbserved in these plots.

In the plots of r.r2 /r.r.; against the logarithm of load-

ing rate, the peak could be recognized more clearly. It
appeared at the loading rate of 0.7 to 0.8 (g TED/g ML3S).

The value of r.r., /r.r.

1 maximum was about 1.5.

In the experiments 6S4-X, the activated sludge cultured
under over-loaded conditions was used.
The relation between r.r._/r.r.

2 I

resembled that obtained before.

and loading rate of TED

The plot showed the maximum of r.r.g r.r.1 = 1.5 at the
loading rate of 0.5 (g.TED/g.MLS3)

The experiments for 63S5-X and 6S6-X were done with the
activated sludge under endogenous conditions.

The activated sludge was aerated without feeding the

substrate until the endogenous condition was attained,

The plots of r.r.qfr.r.] against loading rate of TED did

noct give the peak. r.r.ﬁf*.r.l decreased at the high




loading rate.

The relation r.r.q/r.rj_>l_held for the loading of TED

~

less than 2 (g.TED/g.MLSS).

6.4 DLiscussions

In each experiment the respiration was accelerated with
triethylene diamine as long as its loading rate was less

than 2 (g:TED/g+:MLSS). 1In other words triethylene diamine

could be an substrate for the activated sludge cul tured

with corn steep liquor.

However, when the loading rate exceeded 2 (g.TED/g.MLSS)

TED acted as an inhibitor.

The most flavourable condition for the treatment would be the

loading rate of 0.5 + 0.08 (g.TED/g.MLSS).

Ovos Concliision
(]) Triethylene diamine accelerated the resp ration rate of
the activated sludge as long as loading rate of TED was less

than 2 (g-TED/G.MLSS) rega~diess of the conditions of culture.

(2] r.r.q/r.r.l attained maximum at the loading race ot

Uia.5

tp 0.8( g.TED/g.MLSS)
Thus, the most faborable treatment would be expected at

the above loading rate.
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DATE 12/ 3
o : CortinA
AERATION TANK No. IV LOADING CONDITION —_
E MPERATURF e 3l = =
e : 24.0 pH 5.39]
DISSOLVED OXYGEN CON- OX1DATION — REDUCTION
CENTRATION  (mgyy ) 0.4 | POTENTIAL (mV)
DO ' ORP |
MIXED LIQUOR SUSPENDED ]
SOLID CONCENTRATION | 1504 | N oenT COPtma ) o
(mg/1) MLSS CODin "
' |
SPECIFIC VOLUME 3. o | EFFLUENT COD (mg/1) |, . 'Di
SV3p ' COD of¢ ) [
SLUDGE VOLUME |NDEX =3 o REMOVAL EFFICIENCY
3. " = P
(ml/ gMLSS) SV - OF COD (%317 2n
INFLUENT "WATER FLOW FOOD ¢ MI CROORGANISM
i Y e
RATE | /da | 77 | RATIO F/I'M g po
. ( y ) (9COD/ gMLSS-day )
HYDRAULIC
- DETE_NT'ON ~ .. |RESPIRATION RATE
TIME (hrl) 13.3
(mgoy/ hr-gMLSS)
MICROSCOPIC OBSERVATION & COMMENT
WS e

LVorticella l: CRotiferal: 3:3
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TABLE &37=|

Effect of T E D solution on respiration rate of activated

sludge system -~ (CONTINUOUS FEEIDING)
L&::oding rote{_. B ; rz —,-L’_

¥ 5 ’ " LT,
= . ITED AMSS WSS  FraMiss 2
3300 .25 1.6 [ a2 0.97
3290 2ok Q.97 g7 0.9%
2040 .35 [0 1.3 |.0Q
| 250 0.904. 0.2 |2, 4 bs 2
2720 el Q.18 0.577 . 04
60 o.asz .07 2.4 | 2éh
| 700 e 5 9 517 1.0 L 15
1020 0.672  |0.6 |56 .19
.0 O.226 2.0 4.5 L1l

rr.....respiration rate before loading

rr,- - respiration rate after lcading
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DISSOLVED OXYGEN CON-
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DO

LOADING CONDITION

lC:)rt{w-
L 4s
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SV3g
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TABLE 6$2 - |

Effect of TE‘D‘\solution‘bn respiration rate of octivated
sludge system CONTINUOUS FEEDING

~ Loading rate
TED . Al ror,
740 Pz | , ol
7560 5.00 1] 10.7
Micle el )15.5
760  0.503 18 8
2280 fe5 | |77.0
5300 107
200 13.9
ST70 13.9
1140 3.5
/60 Q.77
Q50 14 .2
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DATE 12/6

[AERATION TANK  No.

j
NDI TIOM
_ . | v LOADING CONDITION e ’
> . |
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- T - 250 pH 0.41
|
V- — - A — .
DISSOLVED OXYGEN CON- OX1DATION — REDUCTION |
CENTRATION  (mg/| ) 0.5 | POTENTIAL  (mV) |
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i
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SOLID CONCENTRATION | 13, | TNFEUENT €OBEma) 1oy 5 |
(mg/1) MLSS CODin |
|
SPECIFIC VOLUME EFFLUENT COD (mgs1) | ., . |
Sy i 110 ' 5.5
30 COD gff
SLUDGE VOLUME INDEX | _ ~  |REMOVAL EFFICIENCY _
(mi/ gMLSS) SvI 1.6 | oF coD (%3] /5.2
‘r
INFLUENT ‘WATER FLOW | F00D § MICROORGA H1 SM )
RATE (l/day ) | 122 | RATIO F/M e bl
(9COD/ gMLS S day )
HYDRAULIC DETENTION
. TION RATE
o Chel ) /.o |RESPIRATION NATE

(mg o,/ hr. gMLSS)

!f
R
|
[

MICROSCOPIC OBSERVATION & COMMENT




TABLE & -1

Effectof TED® solution or, respiration rate cf actjvated
sludge system (CONTINUOUS FEEDING )

Lloading rate

I ry rr
Toom " GTED fomss Fronss 1:?%‘,8—2{53
Q4.0 e e
490 .264 s i
4900 A< | 1.4
Q20 P T 15.6
2920 Q|
1970 | .45
200 0. lde
740 0. 549.
Q740 L7
14770 |.0Q
74 0.0549
AeX®) 0575
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{
) O\'QY
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|
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|
SPECIFIC VOLUME . EFFLUENT COD (Mg/1) | q~ ~ |
SV 18.0 COD <
30 YU eff
|SLUDGE VOLUME | NDE X ‘ REMOvAL EFFICIENCY _
’ (ml/gMLSS) SV | 17 OF COD ( s ) I D:
s Z
|
iINFLUENT'WATER FLOW | FOOD ¢ M| CROORGANISM
| RATE (11day ) | 19% | RATIO F/ M R v}
1 (9COD/ gMLS S day)
rYDRAULIC DETENTION .
H :
. RESF N RATE
| TIME ¢ bl ) O 4 ESFIRATION RA
| (Mg o/ hr - gMLSS) .
I———
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TABLE 654~

TED solutioncn respiration rate of activated
(EXCESS SUBSTRATE LOADING )

Loading rate

[Ty E T o,
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3740 & i 25.4 e | P
| E2p N.Q4n >h.5 26, o
7260 4 9= >3 E g, = B2
45 2.4 B 21.9 0.Q2
VEas A 215 .8 I b
L IEs ) LAG 58,7 fa.c i 4l 5
Z05 S9e 21,4 A N
D e 1% 230 e
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rate after loading
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. AERATION TANK  No.

Go— = e 5
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DISSOLVED OXYGEN CON-
CENTRATION  (mg/ )
DO
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pH

OX1DATION — REDUCTION
POTENTIAL  (mV)
ORP

MIXED LIQUOR SUSPENDED
SOUD CONCENTRATION

(™Mg/1)  MESS

INFLUENT COD(mg/|)
CODin

SPECIFIC VOLUME
SV3O

EFFLUENT COD (mgy/l)
CODeff I

SLUDGE VOLUME INDEX
(ml/ gMLSS) SV

REMOVAL EFFICIENCY
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INFLUENT WATER FLOW
RATE (1 /day )

FOOD ; MICROORGANISM

RATIO F/ M
(9COD/ gMLSS day)

| HYDRAULIC DETENTION
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MICROSCOPIC OBSERVATION & COMMENT
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TABLE 655-1

Effect of TED solution cn respiration rate of activated
sludge system (endgencus)
Loading rate o
TED Ll " B Tr2
PPM  QTED AMISS FrMSE  Fradss
2126 W e 15,72 L2
<4240 6.44 £.46 6.40 l.oo
550 [« 35 762 0.7 [.40
| 250 j«HE 7.93 0. | | 2"
A 3.c9 5.10 6.10 Mels
4z0 0.655 <.57 0.7 2SS
| 700 2.59 5.4 s |.44
3330 5.7 4.85 488 .00
210 0.320 4.8% 7.62 |.5¢
640 0.973 =.4€ 3.96 (.00
rr.-.respiration ‘rate before loading
[ rq-- respiration rate after loading

]
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DATE 12/)4

£86-0

==

AERATION TANK No.

——— -
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DISSOLVED OXYGEN CON-
CENTRATION  (mg/| )

DO

LOAD!NG CONDITION

Without,

pH
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POTENTIAL  ( mV )
ORP

MIXED LIQUOR SUSPENDED
SOLID CONCENTRATION
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INFLUENT COD(mg/)
COCin

SPECIFIC VOLUME
SV3q
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SLUDGE VOLUME [NDEX
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INFLUENT WATER FLOW
RATE ( 1 /day )
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TABLE 6S6-|

Effect of TED solution on respiration rate of activated

sludge sysiem

(endgemnous)

TED
PPm
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2370
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L1700
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(B 7
it Ol
™y
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PR
Q.z3
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6.50
0. 47

o.0(89
2D
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rr
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P
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7. Appendix

Monitoring instrumentations
In this system, the following informa<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>